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Preface

ThePublicOnterest Energy Research (PIER)Program Supportspublicinterest@nergy Tesearch
and [developmentfhativill Belp finprovefhequality O flife in TaliforniaBy bBringing 0
environmentally Safe,@ffordable.d@nd TeliableEnergyServices@nd pProductsfofhemarketplace.O
ThePIER Program,managed By fheTaliforniaEnergy Commission (Energy Commission),
conductsPubliclinterestTesearch, development,fdAnd demonstration (RD&D)Projects o Benefit O
California.d

ThePIER Program [StrivesfoConductthemostpromising publicinterest@nergy Tesearch By
partnering ivith RD&D Entities, includingindividuals, Businesses, Gtilities, @nd PpublicGrd
private@esearch nstitutions.I]

PIERfunding Efforts@refocused Onthefollowing RD&D [program [@reas: [T
BuildingsEud-UseEnergy Efficiency
EnergyInnovationsSmallGrantsI]

Energy-Related Environmental Research [

EnergySystemsIntegration I

Environmentally Preferred /Advanced Generation [0
Industrial/Agricultural/Water End-Use Energy Efficiency [0
RenewableEnergyTechnologies

Transportation 1T

Assessment Of[Flousehold Carbon Hootprint Reduction PotentialsisThefinalTeport Tor the
AssessmentGfH ousehold Carbon Footprint Reduction PotentialProject [contractmumber WCO
500-02-004,work @uthorization mumber MR-069) Conducted by T.awrence Berkeley Wational
Laboratory. Thelinformation from This Project ontributes To PIER s Energy-Related O
Environmental Research Program. [

Formoreinformation @boutThe PIER Programn,please¥isitThe Energy Commission’swebsitedt
Www.energy.ca.gov/pieror dontactfheEnergy Commission @t@16-654-51640

Masanet, Eric, KlaasJan Kramer, Gregory Homan, Rich Brown {Lawrence Berkeley Wational(D
Laboratory)dnd ErustWorrell[Ecofys).2008. [Assessment Of H ouschold Tarbon Footprint Reduction 0
Potentials.California Energy Commission, PIER-Energy-Related Environmental Research J
Program.TEC-500-2008-xxx[J
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Abstract and Keywords

Theferm fhousehold Garbon Footprint” Tefers o The Total @nnual darbon Emissions Hssociated O
with iousehold Gonsumption©fienergy,goods,@nd Services.In Thisproject, Lawrence Berkeley
Nationalllaboratorydeveloped @Garbon footprint@odeling framework fhatGharacterizesfhe
keyhinderlying Technologiesdnd Processes That Gontribute fo ousehold darbon Footprintsin
Californiaf@nd TheWnited [States. The@pproach breaksidownThelGarbonfootprint By 35 @ifferent
household Tuellénd sesdnd 32[differentSupplydhainfuellénd Gses.ThisTevel 0fénd isedetail
allowsEnergydnd Policy @nalysts o Betterlind erstand Theinderlying fechnologiesdnd O
processesdontributing fo The Garbon Footprint@fTalifornialiouseholds.Themodeling D
framework Wasl@pplied fo @stimatefhednnualliome@nergyd@nd Supply Chain @arbon footprintsC
oflaprototypicalCaliforniafiousehold.[A Preliminary MssessmentGilparam eter incertainty O
associated with Key modelinputdataivas@lso@onducted. Tofllustrate thepolicy relevance6frC
thismhodeling framework, @ Case StudyWwas@onducted fhat@nalyzed The@dchievableGarbon O
footprintTeductious@ssociated vith The Ad option ©fEnergy Efficientiousehold @nd Supply O
chain Technologies.

O

Keywords:Tife-cycledssessment, Glimate€hange, Bmbodied Bunergy, 8Bmbodied Garbon,input-
output@nalysis,Supplychainmanagement, Energy Efficiency



1.0 Executive Summary

Introductiond

Therelis growinginterestin Thedevelopment©fifools@nd methodsforGalculating TheTcarbon O
footprint” @ssociated Gvith Household Gonsumption.In This Project, Dawrence Berkeley Wational
Laboratorydeveloped @Garbon Footprintmiod eling fram ework That Gharacterizes The ey O
underlying Technologies@nd processesThatGontribute o fiousehold Carbon Tootprintsin
California@nd fthe@Wnited [States. D

Purposeld

Themaingoaloffhisprojectiwasfodevelop@nd demonstratedCarbon footprintmodeling O
framework [fhatisThoredsefulfor policy @nalysisfhan Existing darbon footprintGalculator fools.O
Specifically, The Tesearch Team dimed To develop Ao odeling framew ork Avith Ereater Bottom -up O
detailfhan Existing Tools, which v ould @llow Energy @nd policy @nalysts Tobetterinderstand O
the@inderlying Technologies@nd [processes Contributing fo fheGarbon footprint GfTaliforniad
households.This detail@lso Tacilitates Thednalysis BfEpecificfechnology inprovementGptions
forfeducingTheTiousehold Garbon Tootprintsin California. I

Project@bjectivesd

InSupportBfthisgoal,fhe projectMad ThreePrimary Objectives: (1) Ho Dompileinformation O
sufficient To Gharacterize The@nnualfiousehold Sonsumption©fEnergy,goods,@nd Services By
California@esidents;(2)fodevelop @modeling framework ToEstimate The Garbon footprint
associated With TheseGonsumption dctivities;[d@nd [(B)Iodnalyze Somepolicy relevantGptions O
formeducing The Garbon Footprints 0fCaliforniaTesidents. O

Project@utcomes

Thedarbon Tootprintmodeling rameworkdeveloped ihThisProjectasTwo primary
components:@Mirectfiouschold Emissionsmodeling Component@nd @Supply Chain Emissions O
modeling Component. Thedirect iousehold EmissionsmodelEstimates The @nnualCarbon T
emissions@ssociated Avith fiousehold €nergy @selin California, hich s @ttributablefo Frarious
end sesTorElectricity @nd Maturalgas(e.g..Spacefieating, @ppliances,.Tighting.@nd O
entertainment@quipment). The Supply©hain Emissionsmodeling SomponentEstimatesthe
annualCarbon Emissions@ssociated vith The[purchase©fliousehold [goods@nd Services.

Thedirectiousehold Emissionsfhodelivasdeveloped ising T aliforniaTesidential Energy End O
usedatadfrom fheTaliforniaResidentialApplianceBaturation Survey. TheTesultingmodeling
frameworkdisaggregatesCalifornialiouschold @nergy diseinto 28Electricity End lisel
technologiesdnd Jmaturalgas€nd Mse fechnologies.[AnnualGarbon Emissions drising from [
household Electricity GisewereGalculated ising@CTalifornia-specific@mission factor,which O
takesinto@ccountfhel@arbonintensity BfElectricity imports.[A preliminaryparameter
uncertainty d@nalysis WasGonducted For Rey Wariableslin fThemodeling fram ew ork o Eid fn D
resultsinterpretation.C



TheSupplyEhainEmissionsThodelGharacterizesThednnualgreenhousegas IGHG)EmissionsO
associated withB32hinderlying fuellénd isesin KeySupply©chainSectorsie.g..manufacturing,
commercial,ldgricultural,@nd vater freatment).(A Preliminary [parameter incertainty
assessmentWasdonducted Tor Key Supplychainthodeling data(fo@id in Tesultsinterpretation.

TheSupply©hainmodeling framework Was Coupled bvith [dataTepresentative 6f@nnual W.S.0
household E€xpendituresfo@pproximate the fotal Supply©hain [GHG Emissions@ssociated with 0
the PurchaseGflgoods@nd Services OfCaliforniafiouseholds.

TheTesultsforTheEstimated AverageldirectfiomeEnergy@nd Supplychain Garbon Footprints0fl
alprototypical Californiafiousehold @re Summarized in Higure ES-1.[TheError barsinthisJ
FigureTepresentfhe@5%Confidencelintervals@ssociated tvith Thel@stimated @verage €@missions.

u Total
Indirect -lsupply chain
¥ Direct -natural 'gas

B Direct - electricity

0 5000 10000 15000 20000 25000
Annual GHG Bmissions (kg 002e/ year)
[
FgureES-1: [Estimatedannual direct mndsupplychain GHGemissionsiper ]
household(]
a

Thedirectand Supplyhain EmissionsEstimatesere@lsodisaggregated By KeyTesidential@nd O
supply©hain fuelénd MsesToprovideinsightintoThemnderlying processes@nd fechnologies
contributing The Garbon FootprintGfTaliforniafiouseholds.Thesedisaggregated Tesultsivered
further@ssessed i [@ Gase Stud y @imed @t[quantifying Thedarbon footprintTeductions@chievabled
throughtheddoption Gfhore@nergy Efficient Mesidentialldnd Supply Ghain fechnologies.[A 0
suite@fBestpPractice Technology TheasuresApplicablefomany Bffhedirectnd Supply ©hainO
fuel®nd Wseshverecharacterized @nd @ssessed ih ThemModeling framew ork.The Tesulting [
estimates for @chievable Garbon footprintTeduction Potentials by Mheasurefypedre Summarized [
in Figure BES-2(in fhis Figure Tesidential measures dpply fo The GH G EmissionsTesulting from 0
directiomeEnergymselin FigureES-1,while Bommercial.industrial.@nd @griculturalmeasures
applyfoSupplychain GHG Emissionsin FigureES-1).TheError barsin Figure ES-2Tepresentl
the@5%Confidenceintervalsissociated Avith TheEstimated Average Bmissions.
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Figure!ES-2: [Estimated GHG emissionireductionsper household by measureltypel

Conclusions™

Themesults6fiheldaseStudy SuggestthatSignificantTeductions(in fhe@veragedarbon footprintD
ofCaliforniaMouseholdsmightBeTealized Through Theddoption BfEnergy Efficient
technologiesin Californiad wellings@nd in The Supply ©hainsthatproducegoods@nd ServicesJ
purchased by Californians. Forfhefechnology heasuresonsidered,the GHG @missions ]
reduction potential w as@stimated EtToughly 13% 0fThe Gase Study direct@nd SupplyKhainO
carbon footprint. D

Thepreliminaryparameter incertainty@ssessmentdonducted in ThisprojectTevealed [
significant Wucertainties Surrounding fhe@verageCarbon footprintEstimates Benerated Dy Thed
model.MargeGonfidencelntervalsin TheTon-energy Supply Ghain GIGH G Emission Factors@re]
particularly importantfo@cknowled gewhen interpreting theTesults 0fthis project.C

BenefitsfoTalifornial

TheTesultsOfThisproject provide@woimportant Contributions Toward Ainproved California-
specificfiousehold Garbon ootprint@nalysis. First,Thedirect@nd Supply©hain GHGEmissionsO
modeling frameworks@developed inThis Project providegreater bottom-up €nd msedetailThanJ
existingGarbon [Galculators.ThisBHottom-up detail@llowsCTaliforniaEnergy dnd policy @nalysts
tobetterminderstand Themnderlying fechnologies@nd [Processes Gontributing o Thedarbon [
footprint 8fCaliforniafiouseholds,@nd fo Better @ssess Specificfechnology improvement
optionsforTeducingfhefiousehold Garbon footprintshin Talifornia.l



Second,ThePreliminary Parameter Lincertainty d@ssessmentsdonducted in fhisprojectprovided
muchheededinformation©nfheminimum ncertainty Surroundingfhemodel’sGarbon
footprint@stimates.ivhich willhelp California Energy@nd policy @nalysts Detter @ssessthel
usefulness{and limitations)©ffheselCarbon footprint@stimatesfoward [policy [decisions.Thel
contributionsoffhis ProjectShould ThereforeiinprovefheState@fThe@rtin Carbon footprintd
analysesforCalifornia.hich can Tielp Tesearchers@nd [policy@nalystsidentify Strategies for
reducing ftheGarbon footprints GfTalifornia@esidentsivith Ereater Gonfidence. D



2.0 Introduction

2.1. Background and Overview

Thereisgrowingiiiterestil The development Bifools@nd M ethod sfor alculating The Hcarbon O
footprint™@ssociated vith personal Consumption.fA Garbon Footprintisdefined @sThe@nnual 0
carbon@€missions@ttributablefo@given Consumption @ctivity,Such @spersonalfransportation
orthe purchaseldnd Gse0flgoodsEnd Services. T

For@ActivitiesTelated Tophysicalproducts Such @sfood items, @utomobiles, Or Electronics,d0
carbon footprintdypically includesthedarbon@missions @rising from Taw M aterials @cquisition,
productmanufacture, product@istribution,productiise,@nd productdisposal/recycling. ForJ
servicesSuch@sBanking,fealth Gare,@nd hair Salons,Thedarbon footprintTypically includesthel
emissions@ssociated With [Constructing@nd Maintaining fhe ihfrastructuremecessary fo providel
thatService o fheonsumer (for Example, ©fficeBuildings,data@enters, dommunications]
systems,furniture, paper,d@nd Supplies). D

CarbonfootprintEstimation Ieverages@n @nalyticalmethod Known @sTife-cycle @ssessment
(LCA),ovhichis@Structured framework fordentifying, hodeling.@nd Holistically Comparing [
theEnvironmentaliinp acts OfdomplexSystems. Tdeally,l@n LCA Should includ e @llAinportant O
environmentalimpacts.However,[ILCA-based Studies@nd fools With @Singular focuson Garbon O
emissions@rebecoming increasingly Common @s Society Seeksfo hitigate TheimpactsOfidlimate
change.O

Inparticular,ThereMasBeen much TecentE@mphasison Tools@and StudiesTelated fo Estimating O
household Garbon ootprints. Thefocus©On fiousehold Gonsumption GsWarranted,given thatJ
household Gonsumption Ectivities @reExpected o [generate dSignificantshare0fglobal 0
greenhouse gasGH G)Emissions.For Example,Weber@nd Matthews {2008) Estimated ThatThe
global@arbon footprint©fU.S.liouseholds—including Personalfransportation,0peration 01T
dwellings,fdnd Consumption Bfigoodsd@nd Services—amounted fo Toughly 3700m egatons (Mt)0
in2004.100

OneGutcome0fthis widespread focuson hiousehold Garbon footprintsliasBeen fhe
introduction [0fd few [dozen [Carbon footprint(dalculators Gver The Tastfwo fo Three ¥ ears (for @0
recent@eview GfSome@vailablefools, See Wnited N ations {2008)). MostGfThesefools Targetthe D
consumer,@nd [@redesigned [foTaise@awareness0flfhelinkagebetween Personal Consumption [
and [globalGlimateChange.

Infhis@Project,lawrence Berkeley WationalT.aboratory ZLBNL)developed @Tiousehold Garbon O
footprintmodeling ramework That Should provemoreDsefulToStatepolicy @nalysisthan O
existing Gonsumer-focused [@arbon footprint Galculators.Specifically,fhisprojectmtilized @0
bottom-up Mmodeling@pproach foEstimate Thedarbon footprints@ssociated Wwith dwelling [
operationd@nd Supply©hainsfor producinggoodsdnd Services. Thisbottom -up detaildllows
energy@nd [policy @nalysts[fo Betteriinderstand Theiinderlying fechnologies@nd [Processes

'In domparison,fheW.S. Mational GH GIhventory fotaled @round 7100534t Gh 2004 [U.S. [EPA 2008a).0



contributing o fhedarbon ootprint BT alifornia Houscholds.This[detaildlso facilitates The O
analysis 0fSpecificfechnologyimprovement©ptionsFor feducing fiousehold Garbon Footprints O
in [California. 1T

2.2. Project Objectives

Themhaingoal Bfthisprojectivasfodevelop @nd [demonstrateld Bousehold Garbon footprintC
modeling framework thativould Provide CaliforniaEnergyfdnd Clim ateMesearchersivith Eaored
usefulfoolfor @nalyzingpolicies@imed @t Teducing fhedarbon footprints GfState Tesidents.

InSupport©fithisgoal, theproject iad three primary©bjectives:([(1)fo Gompileinformationd
sufficient fo GharacterizeThe@nnualiousehold Gonsumption OfEnergy, goods,dAnd Services By O
CaliforniaTesidents;[(2)Todevelop@modeling framework ToEstimate The @arbon Tootprintd
associated Wwith TheseConsumption @ctivities;@nd (3)Io@nalyze Somepolicy relevant GptionsC
forfeducing The arbon footprints i aliforniaTesidents.

Whilefhemesearch feam MetEach ©fThese Projectiobjectives,SomelkkeydAspectsofifhe@nalysis(
differed from TheGriginal Tesearch [planduefoExternaldevelopments.In 2006 when the
original Tesearch Plan v asivritten, Mo California-specificldarbon footprintfools Existed.Thus, O
the©riginal fesearch Planivasdesigned dargely fo fill Existing Noidsih[datadompilation @nd
modeling fechniquesTelevant fo(State-level Garbon footprint@nalysis.O

Since2006,iowever,Severalfools@nd Studies have@merged fThatprovidegreater State-specific]
carbon footprintEstimation Gapabilities. For Example,The ToolTaliforniaGarbon Tootprint
calculator{(CoolCalifornia2008)=which vas Celeased inder the@uspices GflSeveral State
agenciesZprovides @stimates Dased On Tocal mtility €mission Factors.?[TheCoolTalifornia’
calculator@lsoEstimates Supply ©hain Garbon Footprints Hased Bn differentConsumption ]
patternsfor€nergy.goods,@nd Servicesin Talifornia, Which ©an He Waried Dyin-state Tegion Bf]
residenceldnd fhcomelevel. These Gonsumption Pattern data@reSimilar fovhatfheTesearch
team Briginally planned fo Gompile o meetBbjective D). D

Additionally,iwork Sponsored By The CaliforniafAir ResourcesBoard ICARB)I5 Gurrently O
adding[California-specifici@ap abilities To TheTational EconomicInput-OutputLife-Cycle
Assessment(EIO-LCA)model (Hendrickson BtE]. 2006; MU R008).The EIO-LCAmodeld
estimatesThe@dverage Supply Chain Emissions@ssociated With purchasesoflaivideNariety Bf]
goodsl@nd Services.@riginally,The Tesearch Team planned fo Take@Similar, butmore
preliminary,@pproach fo Tailoring Hational EIO-LCA datafo California dspart0fTheDesearch T
related To©Objective[2). However,TheTecent TARB-sponsored avork ProvidesState-specificO
supply©hain [@nalysis Gapabilities That €xceed The Iimited Teach BfiheTesearch feam soriginalC
approach.

’[The Low Impact@iving Garbon Footprint@alculator (Low ImpactLiving 2008)Elso@llows ©ne fo failorJ
resultsBased [OnMegional Environmentaliinpactidata.However,fheDesearch feam dould Mot Ferify fhel
underlying fegionalldata@ssumptions,And liencefhefool’sdapabilities for Providing Talifornia-specificl]
analyses.O



Thus,Thefeam ddjusted s Tesearch Plan fo EnsurefhatfheTesults BiThis Projectivould Etillbe D
novel@nd importantcontributionsToState-specificicarbon Footprint@nalysisdhethods.C
Specifically,TheTesearch feam [developed @Dottom-up Supply Ghain modeling framework That D
disaggregates(theGarbon footprintOffpurchased [goods@nd Services By major Energy End se
(e.g..Mfighting@nd MmotorSystems)@crossTheSupply©hain.TheseGapabilities@llow Fordetailed O
assessment6fSupplychain EmissionsSources@nd fechnology-based EmissionsThitigation O
potentials,[@nd Tepresent[d Significant @nhancement fo [@xisting Supply Chain Garbon footprint
methods. I

Additionally, TheTeam Gonducted @preliminaryparameter Lincertainty @ssessmentofThemew [
modeling framew ork [fo @id ih interpreting Tesults.[Although it is Widely dccepted that
uncertainties @repervasivein Garbon footprint@ssessments, Mfittle v otk fias Been published To O
datefhat@ttempts@o@ddressfheselncertaintiesin@quantitativehanner. D

Both©fltheseTesearchplan @djustments@ddressed finportant Enowledgegapsivhile @llowing 0
the Tesearch feam fo M eet TheOriginal Project Bbjectives. O

2.3. Report Organization

TheTeportBeginsiwith @description Gffheproject @pproachih Bection3,Including TheKey O
analyticalmethods@nd dataSourcessed Todonstruct Bottom-up Carbon footprintmodelsC
related foHousehold Energy liseldnd Purchased [goodsind Services.[Section @ [discussesProject
outcomes@nd Presentsthedesults0fthe Baseline@nalysis@nd Preliminary lincertainty O
assessment.[Alsopresented [in Section @@refheTesults 6fladase Study To@ssess The Ppotential for D
reducing [theGarbon footprint ©ff@ Prototypical Californiafiousehold Throughfhedeployment il
keyBestpractice Technologies. TLastly, Section Sprovides ©onclusions@nd Fecommend ations. 1T



3.0 Project Approach

3.1. Overview

Thedarbon footprintdhodeling frameworkdeveloped G This ProjectMas Two primary
components:@Mirectfiouschold EmissionsTodeling Component@nd @Supply Ghain EmissionsC
modeling Component.Theldirect iousehold €missionsmodel€stimatesThe@nnualdarbon
emissions@ssociated Avith iousechold Energy @selin California, hich s @ttributablefo Farious D
end sesTorElectricity @nd Maturalgas(e.g..Spacefieating, @ppliances,.Tighting.@nd O
entertainment@quipment). TheSupply©hain Emissionsmodeling GomponentEstimatestheD
annual(Garbon Emissions@ssociated With ThepurchaseBfiousehold [goods@nd Services.* 1

Themodelingframeworkdeveloped in Thisprojectwasdesigned for@aggregate-levelldnalyses0fl]
household Garbon footprints@nd policyStrategies for Teducingfhese footprints. Thus,datall
compilation @fforts focused [dn fnformation Telated fofhelEnergy lisednd Consumption [patterns]
atfhelevelBffhefiouschold. However,Themodeling framework developed i This Study Gould O
bedsed ToEstimate The Garbon footprintsofindividualsifthe @ppropriatedata@re@vailable.O

TheTesearch feam [@lso Gonducted @Preliminary @nalysisOfparameter Wncertainty @ssociated 0
withThedatafised foConstructfnd PopulateThedirectfdnd Supply Ghain Garbon Emissions O
models. Bothodeling omponents Telied Extensively©on publicly-available data Sources@nd [
estimatesfhatdontained inherentmncertainties. For €xample, The Supplychain hodeling O
framework Telied On [datafrom mational-level Bconomickind Energy iseSurveys,vhich @red
subjectfobothSampling@nd Gon-samplingErrors.(Where@vailable, fhe@esearch feam dompiled O
information ©OnSurvey(standard Errors(or Other(@stimation ncertainties@ssociated avith the
datafised Todevelop Themodels. 1D

TheredreTwo importantCaveats fofhelincertainty @ssessmentConducted in This project. First,O
the Tesearch feam Only Considered [parameter Lincertainty @ssociated With Key[datadssumptions
infhemodeling framework. AnEssessmentBfTmodelingncertainty as Beyond TheScope BT
thisproject.2Second,becauseparameter iincertainty information v asmot@vailable for@lldatal
used o ConstructfheThodels,Only @partial parameter Gncertainty @ssessmentivaspossible.O
Thus,fhetincertainty Assessmentiould ©nly Estimate Themhinimum Gonfidencelntervals O
associated with Key hodeling Tesults. However,fheEstablishment 6fminimum Confidence

3ThisPprojectidid dotE@ddressfhedarbonBmissions@ssociated Gvith Personalfransportation.givenThat
such@nalyses@re@lready Possibleith Measonable dccuracy lising Available@arbon @alculator foolsEuch O
as[ToolTalifornia. However,fhe@arbon Bmissions@ssociated vithiousehold Energy lise@End fhe
purchase@8fldoodsEAnd Hervicesdreldstimated o Account For Around Bwo-thirds@ffhe AverageHousehold O
carbonfootprintin The Wnited Btates TWeber @nd BMatthews2008).0

4Parameter@incertainty fefers o fhe lincertainty Associated Grith hodelihputidata.Modeling lincertainty O
refersfofincertaintiesihtroduced By fheminderlyingmathematicalStructureGfAThodel. Properd
assessmentdfihodeling lincertainty Bypically ihvolvesdomparing TheFesults dfdifferenthodelsfo
expose HDow Etructuraldifferences Between thodels EffectDesults. O



mmtervalsisStilld Maluable@ontribution Eiven Thedearth Biihformation Bn parameter 0
uncertainty ih [previousdarbon FootprintStudies@nd dvailabledarbon [€alculators. I

Section3.1providesi@nOverview Gfihekey@ssumptions@nd dataSourcestised Todevelop thel
directliousehold Garbon Emissionsmodel. The@dssumptionsdnd [dataSources @ssociated With T
the Supply©hain Emissionsmodel@rediscussed in Section 3.2.Both Sections@lsoprovided
summary [0ftheresearch feam’s@pproach for €stimating parameter incertainties in the
modeling framework.Thelimitations0fThe Supply Ghain odeling @pproach @rediscussed O
briefly in Section3.3.0

3.2. Direct Household Emissions Modeling Framework

MostMiousehold Garbon footprinttodelsEstimatedirect EmissionsBbased Onfousehold -leveld
energymseldata, whichindividuals ©an ©btain from mtility billsOr Hiousehold Electricity @nd O
natural@astility eters. Such@n dpproach isE@ppropriate for idividuals who vish o Estimate
theirfotalGarbon footprint,@nd To bettermnderstand TheTelativeContribution Bffiousehold O
energy msefoThatfootprint. I

InOrder foEssess State-level policy Gptions for Ted ucing liousehold arbon Footprints, iowever, O
aMhoredetailed Tepresentation 6fliousehold EnergyEnd lisefechnologiesis Tequired.
Specifically,State@nergy@nd Policy@nalystsTequire Bottom -up details That Teflect Gurrent
saturationsand [Efficiencies0fKey liousehold d@ppliances@nd dwelling Gharacteristics. Such [
detailis Mequired fommore@ccurately Estimate The iousehold Garbon Emission Ted uction O
potentials@ssociated vith Behavior-@nd fechnology-based mitigation [policies.C

TheDasicform BffheBottom -up thodeling framework Thatwastised ToEstimateThe@veragel
direct@missionsGfTaliforniafiouseholdsin ThisProjectlisExpressed ih Equation .10

O

Mo O Gp = (UECU- *s, *g)j

=1 j=1
Where:0 (G p=Everage@nnual@directfiousehold GHG Emissions(kgTOze/year)D

UEC j=EAveragelinitBnergy donsumption 6fEnd Msefechnology jford

fuelifunits ER Wh/year for Electricity @nd Therms’/year for Matural O
gas)

d Ry =[aturation BfEnd ise fechnology for fuel il{Ps) 0

0 g,; Bl@veragedesidential (GH G Emission factor for fuel ilunits EkRg O

CO2e/kWh TorElectricity [End Tises And BgCO2e/therm fordaturaligasO
end hises)O

> A therm is equivalent to 100,000 British thermal units, or 105.5 megajoules, of energy.



Given [California’sMistorical TocusOn Tesearch dnd Stand ards Tor TesidentialEnergy Efficiency,
sufficientdataExistTopopulateThemodeldescribed By Equationd.ToldoSo,TheTesearch Team O
used fechnology nitEnergy donsumption (UEC)[@nd Saturation [datafrom TheTaliforniaC
Residential ApplianceBaturation Survey [RASS)[database (KEMA 2008).1

TheRASSdatabaseincludes@stimates0fTesidentialfechnology Saturations{as©6f2004)based C
onSurveysdatafrom 21,020 Gustomers©fCalifornia’smain €lectricity @nd Taturalgasmtility O
companies.Saturation(data@dreprovided Tor 28 Electricity €nd liseMechnologies@nd Jmatural]
gas@nd msefechnologies. The RASSEtudy@lsoprovides@verage WECNaluesfor@nd msed
technologiesin €achSurvey Sample.based ©n Tegression@nalysis Ofmtility billingdatamtsing@0
conditionaldemand hodel (KEMA -Xenergy 6t@l. 2004). 1T

Furthermore,The RASSId atabase@llowsFor@nalysisioffechnology Saturation@nd WECdatall
based On fiousehold Tegion, mtility Company,dwelling fype.incomelevel, @nd Gther fiousehold O
characteristics.Inthis[project,TheTesearch Team focused ©n Compiling @verage WEC @nd O
technology Saturation datadcross@llTaliforniaouseholdsTi.e..dGomposite 6f@ll iousehold O
types)in TheRASSdatabase.O

Next, TheTesearch feam @stimated Gonfidence itervals for the RASSTechnologySaturation @nd
averageEnd dseMWEC data. Ninety-fivePercent onfidenceftervalsivere Bstimated For ach T
technology Saturation@ssumption,based ©OnSurveySampling@rror @stimatesProvided by O
KEMA -Xenergy [€t@l. [2004)for The different[Sample populations(in the RASSStudy.{Thesel
samplePpopulations WereBased On Taliforniaitility Territoriesdnd Mhetered Mersusmon-metered 0
households).I@

The RASSStudydid motExplicitly €stimateStandard Errorsforits@verage€nd Dse WECT
estimates.[However, TheTegression @nalysis Approach ised By The RASSStud y Team To Estimate D
averageEnd iseMECss@nalytically Similar To The Tegression @pproach tised by The.S.O
Department6fEnergy fo@stimate €nd lise WECsin itslquadrennial W.S. Residential Energy U
Consumption Burvey (RECS)(U.S.IDOET983). Thus,TheTesearch feam Gsed published Standard C
errorsfor@verage End Mse WECsfrom The 2001 RECSTU.S.MOER003)@s Proxies Tor RASSEnd O
use WECStandard Errors/infhisproject. I

Tabled@nd Table 2Eummarizefhe@5%donfidencefntervals fhat Were@stimated forweighted O
averageMECsByEnd bse@nd fuelfor Californiafiouseholds.”[Animportant Gaveatisfhatfhe
confidencelintervals(in (Tabled@nd Table2 Tefer ©nly o ThelStatistical donfidencelin fhe
estimates @fWweighted Everage WECsin TheseTables{.e..within WwhatfangetheOtrue”—i.e..O
population—weighted Average WEC would MfieifoneCould Take@n fifinite Mumber 6fSurvey
samplesdrom Thepopulation). TheseConfidenceintervalsShould MotbHednterpreted @sC

% Unit energy consumption refers to the annual energy use of a given appliance.

"Weighted average UECs were calculated by multiplying the average end use UEC by its saturation across all
California households (i.e., the product of the first two variables in the right side of Equation 1). The 95%
confidence intervals in Tables 1 and 2 were generated via Monte Carlo analysis (1000 runs) using Crystal Ball
software. [
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capturing @5%GfThePopulationdistribution Bfindividualfousehold WECs for @ Particularénd O
use.80

Furthermore,Thedatapresented inTabled@nd Table2 Tepresentfhe@verageof@llCalifornial
households;iowever,Themethodsdescribed in ThisSection Bould BeEmployed fo Eenerate D
similardataToEstimatedirect iousehold Garbon Emissions for ParticularSegmentsofThel
Californiaousehold population Ce.g..byincomeClass,dwelling fype. Or Tegion OfTesidence).

O
Table 1: Estimated average electrical end use UECs and 95% confidence
intervals
UEC. 95% Tonfidencellnterval L
EndWse (kWh/year)Ll | Lower! | UpperL|
Space heating (conventional) 78 64 94
Space heating (heat pump) 12 6 18
Auxiliary space heating 59 49 68
Furnace fan 76 66 88
Central air conditioning 507 387 630
Room air conditioning 31 18 44
Evaporative cooling 25 17 35
Water heating 167 126 214
Dryer 192 175 211
Clothes washer 80 74 86
Dish washer 47 43 51
First refrigerator 789 736 842
Additional refrigerator 212 189 237
Freezer 168 150 188
Pool pump 240 208 274
Spa 37 32 43
Outdoor lighting 143 131 154
Range/oven 110 100 120
Television 466 433 499
Spa electric heat 68 51 86
Microwave 126 117 135
Home office equipment 27 24 30
Personal computer 390 360 420
Water bed 16 9 24
Well pump 34 26 43
Interior lighting and misc. 1832 1703 1960
Total electricity use 5932 5697 6172

¥ Streiner (1996) provides a helpful review of the use of standard errors for constructing confidence intervals from
survey data, and their difference from the standard deviation.
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Table 2: Estimated natural gas end use UECs and 95% confidence

intervals
UEC 95% Confidence
(thermsl/year) Interval
End Use Lower Upper
Space heating 188 165 211
Water heating 189 163 215
Dryer 13 11 14
Range/oven 31 28 34
Pool heating T 4 9
Spa heating 4 3 5
Total natural gas use 431 391 471

O

TheTesearch Team [@lso Estimated @verage GH G [E€mission factors,@nd fthe 95%Gonfidence
intervals@ssociated Wvith These@stimated @verage GH G Emission Factors, for Tesidential [
electricity@nd Maturaligasiselin California. These@stimates@re Summarized in Table 3C

TheGH GEmission factor for Electricity was Dased ©On information from Marnay €t @1.{2002),0
which Presented fueldatafor €lectricity [generation [@nd @stimatesfor@verageGarbon intensity 0
ofCaliforniaElectricity Tincluding imported Electricity) from Three differentmodels. Thefuel D
datafrom MarnayEt@l.12002)WereGoupled with@verageGH G Emission Tactors by fuelfrom O
the CaliforniaGH G Emissionsinventory (CARBR008). I

However,moncertainty dataforTheTaliforniaGH G Emissionsinventory Estimates for
electricity[generation Gould e found Ghfhepublicdomain.Thus,TheTesearch feam Estimated O
95%mncertainty Tanges for Electricity [generated from [ifferent fuel Dypesbased On@atafrom O
theTntergovernmental Panelon Climate Thange’s APPC’s) GHG Emission Tactor d atabaseD
(IPCCR2008)and theW.S.mational GHG@Emissionsinventory {U.S.EPA2008a).0

The GHG Emission factor for Tesidential Matural[gas©ombustion in Californiadvas Based Gn 0
emission factorsBbtained from fhe Talifornia(GHG Emissionsihventory (CARBR2008).[A s for 0
the GHG Emission Factorsfor Electricity [generation,oLncertainty [datafor the Talifornia GHGO
emissionsinventory Estimates forMatural gasdombustion Gould Befound in fthepublicdomain.O
Thus,TheTescarch feam Estimated 95% lincertainty Tanges for Tesid entialMaturalgas O
combustion Dased ©Ondatafrom TheMPPC’s GHG Emission factordatabase (IPCCR2008)End Thel
U.S.mational GHG[Emissionsinventory {U.S.[EPA2008a).0
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Table 3: Estimated average GHG emission factors for California household

energy use
95% Confidence Interval
Emission factor Unit Value Lower Upper
Electricity kg CO2e/kWh 0.40 0.38 0.44
Natural gas kg CO2e/therm 592 571 6.34

3.3. Supply Chain Emissions Modeling Framework

Tol@stimate Thelife-cycle @missionsgenerated by Thepurchase0fvariousliousehold goods@ndC
services,The@esearch feam Telied ©n @n Established mod eling @pproach ThatGouplesinput-
output{O)EconomicdatawithSector-leveldataon€nergyisednd GHG Emissions.

Simplydescribed,SuchmodelsiavefwoprimaryStructuralGomponents. TheffirstdomponentisO
an 10 fotalrequirementsmhatrix fhatquantifies The €conomicinterd ependencies 0fall Key O
sectorsfin@nEconomy.For AhinitGfEconomicOutputdrom OneSector, The fotal Tequirements
matrixdllowsone o Estimatefhedorresponding€conomicinputsfofhatSectorthat@re tequired O
from @llGther Sectorsfn fhe@conomy. TheSecond Gomponentlis dEet BfGoefficients That O

quantify The@veragefuelise@nd GHGEmissionsperunitBfEconomicButputforEach Sectorind
the Economy. By Goupling fhesedoefficients Wwith fhedatain fthe fotal Cequirementsmatrix, it is 0
possiblefo EstimateTheEconomy-wide@nergy Usednd GHGEmissions dssociated vith Aanit0iC
economicOutputfrom @ny SectorinfheEconomy.O

Thisgeneral@pproach gained fraction in The WUnited [Statesin fhe1970sin Thefield ofThet€nergy
analysis(Herendeen(@nd Bullard 1975). MoreLecentWork lias@xtended fhis@pproachfo
include©therEnvironmentalimpactCategories(e.g.,Criteria@irpollutants@nd ToxicEmissions),]
most@otably by CarnegieMellon Wniversity (CMU)in fThedevelopmentOfitsividely-used O
EconomicInput-Output Life-Cycle@Assessment (EIO-LCA)fool (Hendrickson €t&@l.2006; TMUD
2008).°1T

Additionally,@amumber©fmesearchersfiavemsed thegeneral@pproachfoderivepopulation-
level@stimates GfThedarbonootprints @ssociated with @Nariety 0f[donsumer Spending 0
activitiesfin different@eographicmegions. RecentExamples ©fSuch work includeSupply chain
carbon footprint@nalysesTor The Wnited States by Weber@nd Matthews(2008), for The State0f]
Washington By Morris €t@l.[2007), for The Netherlands by Vringer @nd Blok [1995), Tor D
Australia, Brazil. Denmark,.India,@nd Japan by Tenzen €tEl. {2006),End Tor Koreaby Park@nd O
HeoT2007).0

TheIO-based Supplychainmodeling framework [developed ih Thisproject@éxpanded Previous
work in fwo Ainportantivays. Hirst, The Pesearch feam d eveloped fuel@nd MseGoefficients For [
many G6ffheEconomicSectorsinfitsmodel./AnEnd iselsdefined @s@nEnergy-consuming ]
technology @rprocessivithin @/given Sector,Such@sdighting@nd lieating, ¥entilation,d@nd @irJ
conditioning (H VA C)in TheCommercial Sector Grmotorsdnd Steam Systems i TheGndustrial d
sector. Thefuel €nd mseoefficientsdeveloped by fheTesearch Team Providegreaterdetail on O

? For more information on the I0-based LCA approach, the reader is referred to the references cited in this
paragraph.
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themMature OflEnergy Mseldnd Energy-related GHGEmissionsEcrossTheSupply Ghainfhan O
previouswork@provides.SBuch@nd iseldetaildlso FacilitatesThe@ssessment 6ffechnology-
specificsupply©hain GHGmitigation Strategies{see(Section 3), which isaluableforpolicy O
analysis. [

Second,TheTesearch Team included Pparameter Lncertainty Estimates when [Constructing thed
supply©hainodel.avheneverSuch @stimates Were@vailable. This@incertainty @nalysis lielps O
shed dight©n How Precisely Themmodeling framework Gan @stimate@verage Supply Chain GHGO
emissionsdmsing@vailabledataSources.0

TheTesearch Team mised The 2002 MW.S.benchmark fotal Tequirements Tatrixfomodel IO T
transactions@crosstheSupplyGhainfor@266conomicSectors.[ThismatrixGvasdeveloped By thel
U.S.Bureau0fl[EconomicAnalysis[(U.S. BEAR008)E@nd isfhemostTecent Benchmarkmatrix 0
available.*MetailsSpecificfo The Estimation GfiEnergy Coefficients@redescribed in Section 3.3.1.0
Theprocessfor@stimating (GH G [Emission oefficientsis[described ih [Section3.3.2.0

3.3.1. Supply Chain Fuel Use

Thefuelusedoefficients developed in fthis(projectiwere based Iargely Onfueltisedatafhativerel
compiled By CMU hfheldevelopment9fits2002W.8.Benchmark EIO-LCA fhodel{Weberdnd O
Matthews2009). Themesearch Team ised The MU [datafo ConstructfuelmiseCoefficients For@ll 0
4265ectorsin The2002Benchmark Total Tequirements Matrix@cross five different fuel Gategories:O
(1)Purchased Electricity;[(2)Taturalgas;(3)Goal;(4)Petroleum :@nd [5) Biomass/wastes/other.[]

Next,The Tesearch Team Gompiled @vailableinformation o Characterize The @veragefuelEnd mse
breakdown for€ach IO Sector for hich Such dataExisted .[D

Forfhemanufacturing IO Sectors,hich Fepresent2796{The@26SectorsContained in fhefotald
requirementsmatrix, TheTesearch Team [erived Mverage End i se Breakdown datafor purchased O
electricity, maturalgas,oal,[@nd petroleum Wsing information from The W.S. Mepartment 0fC]
Energy’s2002@nd 1997Manufacturing Energy Consumption Surveys(MECS){U.S.IDOER2001,0
2005). The MECSMataivereiised Todisaggregate Total IO Sector fuelmseinto J0distinctEnd O
uses,hich@reSummarized in Thefirst Sectionin Mabled .11

The MECSProvides@verage.S.fuellend Isebreakdowndatafor 69different Worth [American
Industry Classification System INAICS)Godes [d atadre@vailable For @l13-digit WAICSKodes,
and many @-digit@nd B-digit IWAICSGodes).Where@n [ExactThatch Existed Detween @0
manufacturing IO [Sector@nd [@ WAICS[God e for avhich MECSEnd tise breakdown [data Existed,
the Hesearch Team dpplied The dorresponding MECSEnd liseBreakdowndata. Forhost IO O

0 The W.S.BEA developsdetailed Benchmark TO [TablesEoughly Bvery five fears. ThepreviousD
benchmark O Table, &vhich Gontained Mearly 300Sectors,Mvasdeveloped Tor1997.M

UR{ECSEnd Gisedata@dreprovided for 14 different@nd Gse dategories/infotal: fhe Hesearch feam [
combined Fourdffhesedategories[otherProcesstse, dtherfacility Support, dtherMonprocesshise,And
endlisemoteported)intodne EenericTother” Dategory.

14



sectors,iowever,TheTesearch Team Had To Apply The MearestThatch, Avhich WasEHtvorstThe
MECSbreakdown@tfhe3-digit NAICSIevel.O

Fortheommercial IO Sectors, the Tesearch Team [developed @veragefuelend msebreakdown [
datador Purchased Electricity @And Maturalgas, which @refhe dominantfuelsiised in [Gommercial O
buildingsfin TheUnited States. TheseEnd wsebreakdowndatalwerederived lising ihformation
fromTheW.S.Mepartment 6fEnergy’s2003 CommercialBuilding Energy Consumption Survey
(CBECS)[(U.S.IDOER008a).The TBECSPprovides@veragebreakdown dataforMineSeparate
commercialEnd @ses0fElectricity,@nd Three Separate dommercial@nd ises GfTaturalgas.TheD
commercial€nd DseCategories@reSummarized in TheSecond @nd fhird Sectionsin Tabled.

O

Table@:[Huel oefficientEnd hisedisaggregation for ¥arious IO Sectors

Manufacturing (electricity, natural gas, coal, and petroleum)
Conventional Boiler Use Facility HVAC
CHP and/or Cogeneration Process Facility Lighting
Process Heating Onsite Transportation
Process Cooling and Refrigeration Conventional Electricity Generation
Machine Drive Other
Electro-Chemical Processes
Commercial (electricity)
Space Heating Cooking
Cooling Refrigeration
Ventilation Office Equipment
Water Heating Computers
Lighting Other
Commercial (natural gas)
Space Heating Cooking
Water Heating Other
Agriculture (electricity, natural gas, petroleum)
Motors Machinery
Lighting Other
Onsite transport
Water treatment (electricity)
Pumping systems Other

O

UnlikeThe MECS,The TBECSdoesTotTeportfuelEnd isebreakdowndataby NAICSCode.
Rather,@lldatal@re Teported by building fype.?However,The .S.Mepartment BfEnergy

P There@red6different Building fypes for Bvhichdata@re@vailable in MBECS:Education, food Bales.food O
service,lhpatientfealth Bare, Gutpatient Health Bare, Tbd ging,Tetail (other Than thalls),Enclosed End Etrip O
malls, dffice, publicdssembly, publicdrderdnd Hafety,Heligious Worship,Hervice,fvarehouse dnd Etorage.[]
other.@nd Facant.O
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providesdTough[Tablebildorrespondence Between TBECSBuilding fypesdnd 3-digit NAICSO
codeU.S.IDOER008a). TheTesearch Team Wsed ThisTablefofirstmap The CTBECSdatafo
NAICSdodes, whichiwerefhenmapped [fofhe@ppropriate IO Sector.Thisprocess@llowed thel
rescarch feam [fo @stimateBlectricity@nd Matural gasEnd iseBreakdown @data For 103 TO Sectors.

Lastly,€lectricity iseforvater dnd Sewagedreatmentwasdisaggregated into pumpingversus
non-pumping €lectricity isebased ©On information from Brown €t@l. [2007). 10

In fotal,the@bove@dpproach @llowed fheTesearch feam fo Estimate@mportant fuelEnd Gsesh T
3970fthe @260 Eectors in fhe2002 Benchmark fotal Tequirem ents atrix.

Equation 2 Summarizesthegeneral@pproach for Estimating Tthe fotal Economy-wideEnergymse,
and Energy dse0fkey Supply hainEnd Gses,d@ssociated Avith @mnitGfléconomicOutputifrom &0
given TO Sector.

O
T o=X" (. % £ %
@)m O O Ey = Zkzl (e;-;c f:;;‘k OH)E

Where:D E, =GverageDise Bf fuelifor Bnd Tse fPer Tnit BfGutputFrom Sector 17

(MJ/$)0

a nErumberdfEectorsihfhe IO hatrix ]

1 ;Uc =@Everage lise dffueliPerdnitButputFrom Bector RIMI/'$)O

J ?Uk =Everage fraction BfibtalEnergy from fuelilthatikMeeded forEnd 0
use[(lih Sector B [(Po) 0

d 0, =lotal@dollar Butputbequired from Sector Ko Produce(ddollarGf]

outputfrom Sector 1]

d

Themesearch Team @lso Gompiled Parameter Wncertainty ihformation fordata@sed ToConstructd
thefuel@nd fuel@nd GiseGoefficients, Avhen Such Mincertainty fnformation Existed . Hor Thefuel D
coefficients{i.e.,fhe Wariablel&; in [Equation [2),fhe feam Constructed @5%Confidenceintervals O
forfthefollowingfuels@nd IO Sectors:[]

+ allfuelsforfhemanufacturing IO Sectors,based ©n Survey Standard Error[datafrom Thel
2002MECS{U.S.DOER005)0

» electricity@nd petroleum Tsefor The Gonstruction IO Sectors,based On SurveyStandard O
errorfdatafrom The 2002M.S.EconomicCensus{U.S.CensusBureau2005).0

Forfhefuel@©nd msebreakdowndractions{i.c.,Wariable q? inEquation2),The Tesearch Team O
constructed 95% Gonfidenceintervals for Thefollowing fuel€nd MsesEnd TO Sectors:O

ik
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« allfuel@ndlisesinThemanutfacturing IO Sectors,Based On Survey Standard Error datal
from The2002MECSTU.S.OER005)C

« allfuelend msesinTheGommercial TO Sectors,based ©nSurvey Standard Errordatafrom O
the 2003 TBECSIU.S.IOER008a).C

AsfinfhepreviousSection,The 95% donfidencelintervals Teferred ToThe(Statistical Gonfidencelin
the@stimates0fdverage fueldise by IO Sector {.e., within What Tange theltrue”—i.e.,C
population—average fueldsePerSector would JieffoneCould fake@n fnfinite Humber 60
survey Samplesdrom fhe@population).TheGonfidencelintervalsivere motih eantfo Capture 95%0
ofithepopulationdistribution 6ffuellse@tindividual@stablishmentsivithin [@n IO Sector.

3.3.2. Supply Chain GHG Emissions

Equation 3Summarizesfhegeneral@pproach forEstimating fhe TotalEconomy-wide GHGD
emissions@ssociated vith@unit0fl€conomicOutputfrom @given IO [Sector. TheLesearch Team O
estimated SupplyGhain GH G @missions@rising from fossilfueliise{.e.,fhedirstferm On fhe
rightSide6flEquation 3)@sWwell@s Supply chain GHGEmissions@rising from Mon-energy D
sourcesin((i.e.,fheSecond ferm ©On fheTight Side0fEquation3). D

O
— — —F - —P
— Lk ES
)0 O O G = (Ew g, )+ Zkzl(okf gk)m
i=1 j=1
Where:[J E; =@Averagedconomy-wide[GH G Emissions@enerated [per Mnit
outputfrom Sector I{kg T Oze/$)0
0 EQ’? =Averagedsedffuelifor@nd Mise[lpernit BfGutputFrom Sector 1]
(MJ/$)0
J —F -
g, E@verageGHGEmission Factor For Fueliifkg [T O2e/MI)O
d 0 =lotalldollar Gutput@equired from Sector Kb Produce@dollar6f]
outputfrom Hector
0 —F . . .
g, =ldverageprocess(li.e..Mon-energy) GHGEmissionsPeriinit(]
outputfrom Sector RTkg T'O2e/$)
O

Supply©hain GHGEmissions@rising from TossilfuelsewereEstimated Lising@ndverage GHGO
emission factor for €ach Tuel. These@mission factors weremhultiplied By @verageSupplychain
fuelmiseCas@stimated By Theprocessdescribed in Section2.3.1)doErrive@t @n Estimate 01T
averageSupply©hain fuel-related GH GEmissions.TheTesearch feam Estimated @verage GHGO
emission factors for €ach fuelfypebased ©n datafrom TheMPPC’s GHG Emission Factordatabase
(IPCCR008)dnd theW.S.Mational [GHGEmissionsIventory (U.S.[EPA 2008a).0

17



TableSSummarizesfhedssumed dverageNaluednd @5%Gonfidenceinterval for Bach ossilTueld
emissionfactor. Thelarge parameter incertainty Surroundingfhel@verageemission Factor for
waste@nd oOther fuels Teflects thediversity Ofpossible fuelsthat fallinto fhisCategory;iowever,
withiinproved [data©dn Gvaste@nd Gther fuelstised By IO Sector fhis parameter incertainty [dan [
beTeduced.C

Table 5: Estimated average GHG emission factors for supply chain fuel

use
kg 95% Confidence Interval

Fuel CO2e/MJ Lower Upper
Natural gas 0.056 0.054 0.058
Coal 0.098 0.095 0.101
Liquefied petroleum gas 0.069 0.068 0.073
Motor Gasoline 0.074 0.073 0.075
Distillate Fuel 0.072 0.071 0.074
Residual Qil 0.077 0.076 0.079
Waste and other fuels 0.116 0.048 0.183

O

Non-energySources Of ltH G [Emissions(in fheSupply Chain includeSuch Sources@sIand fill
methane@missions,@griculturalSoilAnd ManureManagement,Entericfermentation {i.e.,O
methanedrom @nimals), fugitive €missions from Fossilfuelproduction@nd distribution.d@nd O
process-related @missionsrom Steel,Gement,@nd Semiconductor hanufacture.ToEstimate
these®missions,The Desearch feam Telied 6n TO Sector Mevel Hon-energy GGH G Emission datall
compiled by MU IhThedevelopment 6fits2002W.S. benchmark EIO-LCA ThodelTWeber@nd J
Matthews2009). Theprimary Sourcefor the TMU [datawasthe2002W.S. mational GHGO
emissionsinventory from fheW.S.Environmental Protection A gency (U.S. EPAR2004).0

TheW.S.EPA[2004)Tationalinventory ContainsEstimates Ofmon-energy Telated GHGLC
emissionsdfrom ©ver forty differentSources,@long Wwith @5%ConfidenceintervalsforEach O
estimate. TheEstimated Gonfidenceintervals formany OfThese datadre Significant; for Example,0
the Tange for m ethane®missions from dand fills 5 #/-30%, The Tange for methane Emissions from O
naturaligasSystemsis#/-40%,@nd theTangefor(process-related CO:2Emissions from iron @nd [
steel production is #F78%/-58%.Such Gncertainties Are Gurrently Gnavoidablegiven TheState 0 {0
measurement@nd Estimation Techniquesfor these GHGOnventory data:liowever,They@lsoC
representimportant parameter @ncertaintiesin The odeling fram ework ©ffhis Study.O

ToGonstruct@5%Gonfidenceintervals formon-energy GHGBmissionsin TheSupply Ghain O
model.fThemesearch feam firstCompiled @5%[Confidencelnterval@stimatesfrom W.S.[EPAT2004)0
for @ach iimportantE€missionsSource. N ext, TheTesearch feam apped Theselincertaintiesfo IO O
sector-levelmon-energy GGH G Emission Goefficients Msing The CMURO02EIO-LCA data.

3.3.3. Limitations

Thelgeneral TO-based @pproach dised for Supplychain thodeling in fhisproject hasSeveral o
benefits,includ ing TheMdbility fo fhod el Gomplex Tife-cycle System sfin Simple @nd Bfficient D
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manner @nd Theldbility fo Estimatedverage life-cycle@npacts Tor @ WideNariety Bild ifferent 0
product@roupsiand TypesofServices. I

However,fhere@re@mumber 0fkeylimitations o ThisThethod,Whichliave beendiscussed [
extensivelyin Theliterature (seefor Example Hendrickson Et@E]l. 2006).In Particular, Theredred
severalTimitationsThat@reimportantdaveats Tofhemodeling @pproachdescribed in Section
3.3.2.0

First,fheTO Benchmark fotal Tequirements[datalised fo Estimate @conomy-widefransactions
reflect.S.Economichnfrastructures@nd Supplychainfechnologies@s©f2002.These@refhe
mostTecentSuchTOdatalavailable, iowever,@nd werefirstissued by [the W.S.Bureau 6f0]
EconomiclAnalysisin Iate2008. Thedinplication isfhatTheSupplyGhainmodeling framework
developed inh fhisProjectTeflects Staticfransactionsfhatmay IoseTelevance To GurrentSupply O
chainsoverfime.O

Second,Thehethod Gs0nlydapable©fEstimating @veragefuellse@nd [GHGEmissionsfor@n
given TO Sector @s@whole. ForTO Sectors With fieterogeneous productButputs{e.g..,Thedrozen
food IO Sector),The hethod Providesfuelmised@nd GGH G EmissionsEstimates That@re@veraged O
across(@llgoodsorServices Produced By fhat IO Sector. However,fThemethod Gannot@stimate
fueldseldnd GHGEmissionsSpecificfo@ny Productivithin fhat TO Sector Ce.g.,frozen [
blueberries).ID

Third,fthemethod TeliesOn many differentdatadrom @diversity Of[different Sources. Thus,thel
uncertainties dssociated with The hethod MreSignificant. However,The preliminary parameter
uncertainty @stimates Compiled in This project provide@tIeastSomeidea6fftheminimum O
parameterincertainty @ssociated with fhe@stimated @verages for €ach IO [Sector. Thisproject
could Motidentify Parameter Gncertainty [dataformany G6fThemodelfnputs,fhough,Sofhel
resultsShould motMelnterpreted @sComprehensive0f@llPparameter incertainties.[Additionally,C
thisprojectdid mot@ddressmodeling Mncertainty,hichis@nother Key Source 6fiincertainty 0
inherentinfheTO-based Method.O

Moreover,itiwasmotpossible @ Perform dpParameter lincertainty @ssessmentOfTheTO 0
benchmark{otal Tequirement matrix, vhich isTheprimary Structuraldomponent 6ffthe SupplyC
chain Thodeling framework.Severalesearchers Bave@xplored Error[propagation in IO TablesinC
afheoreticalfashion (seefor Example Hendrickson €t@l2006, Nijkamp Et@l. 1992, 06r Bullard O
and [Sebald 1977).However.given ThedozensGfld ataSources Tised Mo donstructfheTO matrices
and fhedack Bffpublicly@vailableinformationdn(datal@nd Modeling @ssumptions,dparameter 0
uncertainty d@ssessmentOfJ.S. TO matrices fs Mot Possible.[Thus,fheParameter incertainty O
estimates(in Thisproject Werelimited To@vailabledataon fuelDse, fuel€nd mses,@nd GHGO
emission [factors. [

Lastly,fhefuellise,fuellend dse, @nd [GH GEmissions Goefficients Employed i ThisStudy Hre
based On@verage.S.Gonditions{or Each IO Sector.In Teality,The Supply ©hainsfor goods@nd [
services [onsumed in Talifornia€xtend [@cross fheglobe. Thereis @growing Tesearch Effort
aimed Atdeveloping Multi-regionalinput-output@MRIO)modelsdisaggregateW.S. Supply D
chain fransactions By Gountry 6forigin (seefor Example Weber@nd Batthews2008). Thel
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developmentGiSuch MRIO Thodelsis dGomplicated Processfhat vasBeyond TheScopebffhis
project.[Thus,@Mimiting feature 6ffhemodeling frameworkdiscussed ih Section3.3.24s fhat @llx
estimates Teflect "madelinfheW.S.A” Gonditionswhen in factglobalSupply chains(@rel
required.

As@Tesult,Themodeling frameworkivillonly provide @n@verage@.S. Supply Bhain TootprintD
when ih factfheSupplychainsfor Certain [goods@nd Services purchased By Californianstay
differ Significantly from mMational@verageSupply©hains. BurtherGimplications ©fThis Timitation O
arefhatfheModelMayBverestimateTheSupply Chain GHG Emissions—and GGHG Emission D
reductionpotentials (seeBection @)—for TaliforniaSupplychains,given fhat Talifornia’s O
commercial@nd ndustrialBuildings@re Lypically horeEnergy Efficientthanfhemational 0
average.Mowever,Withoutdn MRIO mhodelThatdisaggregates SupplyGhainfueliisednd GHGO
emissions By @ctivitiesOccurring insidednd OGutsidefheState, G5 difficult Tolquantify The Extent
ofSuch [Gverestimation. [

1 Weber and Matthews (2008) estimated that roughly 30% of the supply chain GHG emissions associated with the
purchase of goods and services by U.S. households occurs outside U.S. borders. In the future, the modeling
framework developed in this project could be coupled with MRIO models (such as those discussed in Weber and
Matthews 2008) to estimate supply chain GHG emissions, and GHG emissions reduction potentials (see Section 4)
in a more accurate, country-specific fashion.
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4.0 Project Results

Themain goal 6fThisProjectivasfodevelop And demonstratedhousehold Barbon footprintC
modelingframework fthatiould Provide TCaliforniaEnergy@nd ClimateTesearchers with@more
usefulloolfor @nalyzing [policies dimed @t Teducing fheCarbon footprints GfState Tesidents.

InSupportOffthisgoal,fhe Tesearch feam developed Themodeling framework described Gn J
Section 3. Which dan Hemsed fo Estimate The direct@nd SupplyChain Garbon ootprints ©f0
Californiaouseholdsin@bottom-up fashion. Furthermore, theTesearch feam Gompiled datafo
analyzeTheparameter incertainty dssociated tvith This modeling dpproach, ToTheExtentC
feasible. 1

ThisSectiondescribes iow themodeling framework Was@pplied fodeetfheSpecificobjectives
offthis Project:[1)[{o Bstimate The Garbon footprintGfiTaliforniahouscholdsHased Hn O

representative@nnual donsumption 6f€nergy,goods,@nd Services By Taliforniafesidents,@nd O
(2)To@nalyzepolicyrelevantOptionsfor Teducing thedarbon footprints©fiCaliforniaTesidents. O

4.1. Estimation of Home Energy and Supply Chain Carbon Footprints

Asldiscussed ihSections2[@nd 3, The Desearch feam focused On Gompiling ihputdatal@and O
uncertainty information Sufficient fo Estimate Thedirectthome Energy)GfTalifornia iouseholds O
asiell@sfheSupplychain Garbon footprints@ssociated Avith iousehold purchases.Thedirectd
carbon footprintforfhe@verageTaliforniaousehold Gvas@stimated Wsing the @nalytical o
approach,dataSources,@nd ncertainty Fangesdiscussed i Section3.2.0

ToEstimate@ndverage@nnualSupply ©hain Carbon Footprint, The Tesearch Team Coupled Thed
modeling framework discussed in Section3.3Gvith @ Prototypical@nnual portfolio 6fpurchased O
goodsnd Services Dased OnTheW.S. Bureau bflabor Statistics’ Tonsumer Expenditure Survey D
(CES)[U.S.BLSR008).The CESKompilesdataon@verageW.S.Consumer Spending for hundredsO
ofidifferentgoods@nd ServicesDased On @ dombination Ofweekly diariesdnd quarterly O
telephonefnterviews. TheCESAs@Mational Survey, But@lso TeportsSpendingdata@tdTess O
detailed Teveldor Specificregionsdnd Metropolitan @reasin The Wnited States. 1D

TheTesearch feam msed 2002 @veragednnualSpending(datafor W.S.Households@sdproxy for
the@nnualpurchasesBfigoodsd@nd Serviceslin [California. Thesedata@re Summarized i
Appendix[A.These002mationaldveragedataivereSelected forSeveraliimportantfeasons.

First,fhe CESOnly providesStandard Survey Error €stimates for Spendingdatafhat@re feported O
at(fhemationalTevel. ThisisbHecausefhe(Statistical hethodsGfTheSurvey@dredesigned o0
characterizemational, Tather Than Tocal, Spending fiabits ith Teasonable Gertainty. Thusfhel
research Team Mised Mationaldata@s@proxy for Talifornialin Order ToEstimate TheMinimum O
parameter Lincertainties 6fffheModeling framework {which Gvas@ Key goalOfthisproject). TheO
uscofiegional©rmetropolitan @rea TESdatadre€xpected foTesultlingreaterParameter ]
uncertainties given The Surveydesign.

Second,TheTO-based Ssupply dhainmodelTeflectsTational @verage producer Prices. Thus,O
regionaldnd metropolitan @reaSpending [datafrom The CESTwhich Ere Tep orted G Tocal Prices)C
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firstiavefo Belddjusted for Cegional differencesin Theprice@igoodsEnd Services o befully
compatiblewithfhemational IO Thodel.[(The Tesearch Team [Gould Mot find Sufficientinformation O
toConvertfheTegional Or TCaliforniametropolitan@rea CESdatalintomational@veragepricesfor
alligoodsl@nd Services.

Third,Spendingdata©n(goods@nd Services @redvailableingreaterdetail@tThe Mational Teveld
thenfhey@re@tfheTegional or thetropolitan devel.

Fourth,@lthough fhoreDecent{i.c..2007)Hational@verageldata@re@vailablefrom The TES, These D
datalwould firstfavefo beonverted ihto2002Mrod ucerPrices fo He dompatiblewith The 20020
I0model.[As@matter 0flefficiency,theresearch feam Chose foMseThe2002[CESSpending[datall
sincefhey@refemporally CompatiblevithfheSupplyChainthodeling framework in fheir[J
currentform.C

Lastly,TheprimarygoaloffhisprojectvasTodevelop improved @nalyticalmethodologiesfor
analyzingBiousehold Garbon Tootprints,@sOpposed fo developingincrementally Better inputD
datafor generating Californiafiousehold FootprintEstimates. Thus,The Tlesearch Team ChoseThe
U.S.mational TES@ata@s Themost@ppropriatedataforillustrating The©apabilities 6fThed
modeling framework wiafhe©aseStudy[presented in fhisSection (based ©Onfhepointsthadein O
the preceding Paragraphs). However,in The futuredinproved Consumer Spendingdatadould be
developed for Californiafo [generate oreTepresentative Supplychain darbon Footprint O
estimates.]

ThemTesearch Team Converted The 2002 Hational dverage TESdatainto2002mational@verage
producerpricesmsinginformation from ftheW.S.Bureau 0flEconomicAnalysisfhat@stimates
post-producer Transportation Gosts@nd Wholesalel@and Tetailhargins (U.S.BEA2008). Wext, The O
CES@datafor Each purchased good dnd Serviceweremapped To The@ppropriate TO Sector {i.e.,O
the €conomicSector Thatproducesfhatgood OrService). I

The@esearch feam [@lso Estimated @@5%Confidencelintervalsdorresponding fofthe@verage
spendingdatafor Bach purchased [good dnd Servicehising [Stand ard Brror@stimatesprovided By O
the CESTor@nnual @nd iveeklyExpendituresU.S.BLS2008). Thedggregate Expenditures
associated With [€ach TO Sector WereThen dalculated,[@and €ach TO [Sector WasTumped into @
broader@onsumption Gategory [(e.g..food @nd Beveragesdonsumed At Dome)To Eid ih Tesults O
interpretation isingGategoriesproposed by Weberd@nd Matthew s(2008)Es@Guide.C

Thefinal@ssumptionsfor@nnual@verageExpenditures(in 2002 producer prices), 5%
confidencelintervals@ssociated Gvith The@verage€xpendituredata,TO Sectors,[@nd Broad O
consumptionCategories dre Summarized in Appendix[A. .40

1A s thentioned Gh Bection 3, fhisProjectdid Mot HonsiderfheGarbon footprint@ssociated Gvith Personalld
transportation.Thus,fhe@nnualE@xpenditureEssumptionsBummarized ih[AppendixAdoHotihcluded
purchases@dfehiclesThew Oriised),Fehicle-related Expenditurese.g.,Hutoihsurance,gasoline,dr]
repair/maintenance),0r dtherfransportation-related Spending(e.g..Eirfares).O
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Thegood Ednd ServicesSpendingdatafnAppendix[A Werefhen Goupled Wvith Thefotal Supply O
chain GHGEmissionsEstimates For @ach Sector {i.e., kg O-e/$)@s Galculated By ThemethodsO
summarized by Equations2@nd 3.0

Figured SummarizesThemesultingEstimates GfThedveragednnualousehold directthomed
energy)@nd Supply Chain Garbon Footprints. TotalGombined GHG Emissionsdre@stimated @t
roughly 20,000k g G6fidarbon dioxide€quivalent{CO:¢) Peryear.Offthis@mount,©verthree-
quarters15,500 kg OfiGH G €missions@re@stimated To DelEttributable ToTheConsump tion 010
goods@nd Services.TD

O

= Total

¥ Indirect-isupply/chain
B Direct -inatural gas

® Direct -lelectricity! |

0 5000 10000 15000 20000 25000
Annual GHG| Emissions| (kg 002e/ year)

Figure 1: Estimated average annual direct and supply chain GHG emissions per
household

O

TheTesultsin FiguredSuggestThat,0n @verage.TheGarbon footprint@ssociated with lousehold O
consumption0figoodsidnd Services is@round ThreefimesTheGarbon ootprintEssociated wvith O
itsfiomelenergy mise. Thesemesultsdiffer Significantly from fhe mostiecent.S.Averagedarbon
footprint Study By Weber@nd Blatthews(2008), which Estimated that GHGEmissions@ssociated J
with Tiomehitility seWere 6fToughly Similar hagnitude ToSupply Ghain GH G Emissions. The
disproportionately Tow ontribution6ffiomeEnergy lisefoTalifornia’sdveragefiousehold O
carbon footprintisdikely@ttributablefoCalifornia’slongtime Efficiency Stand ardsforJ
appliances@nd Mesidential[d wellings,The Tow Garbon intensity Bfits €lectricity Supply,Tong
running mtility@nd MfocaligovernmentProgramsonEnergy Efficiency,@nd mild Glimate. D

Alsolincluded in Figured @re€stimated 95% Gonfidenceintervals SurroundingfheTeported [
average ValuesTor€ach TesultsCategory.TheseConfidencelintervals Cand @llG0thers Teported dn 0
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thisSection)WereEstimated MiaMonte Tarlodnalysis{1000Tuns)dsing Thelincertainty datal
summarized in Section 3.2E@nd Equation . TrystalBall Softwarewasiised for the BMonte Tarlod
analysis.O

Asmentioned i Section 3, The Hesearch Team vas@ble To Estimate Param eter incertainty O
information for SeveraleySources fmodelinginputdata,But©nly for dFraction 0fThe Total ™
datainputs.FiguredShowsthatEven [@(partial parameter Gincertainty @ssessmentTevealsd
appreciable Gncertainty i The E€stimated @verageWalueforfotalSupply Chain GH G[Emissions
(+14%/-5%).Thedncertainty TangesSurroundingfhe @verage Emissions from fiomeMatural Bas O
and Electricity Tise@re SomewhatSmaller, due ToTelatively Tower parameter incertainties on the
appliance€nergy Mise,Saturations, @nd Tesid ential GH G ©mission factor inputdata.’

FigureR2SummarizesThe@stimated @verageend Wsebreakdown B GHG Emissions@risingfrom O
homematuraligasaiselin California. Themajority 0fiGH G Emissions @ssociated with liousehold O
naturalgasiisefs/attributable ToTwo Primary €nd mises:water licating @nd Spacefieating.Thed
estimated @5% Gonfidenceintervals Surround ingfheTeported Average Walues Tor both BfThesed
end IsesWas@round 3/-15%.Whichmnderscoresthe@ppreciablemincertainties @ssociated With O
estimating €nd seGHGEmissions Bfdiscrete €nd mses. [Still, This€nd GseTesolution providess
important@apabilities for modeling @nd @ssessing Garbon footprintTeduction Strategies, dsC
illustrated in fhe Case Studyin Section@.2.Burthermore,The€stimated ConfidenceintervalsC
allow the@nalystTointerpretthe Tesults 0fdny further@nalyses that@mploy Thesedverageend O
use@stimatesvith The Proper Tevel BfGaution. O

O

m Water heating

M ace heating

® Range/oven

M Dryer

® Pool/ spalheating

0 200 400 600 800 1000 1200 1400
Annual (GHG Emissions! (kg/CO2e/ year)

Figure 2: Estimated annual direct natural gas GHG emissions per household by
end use
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Figure3SummarizesThe@stimated AverageEnd DiseDBreakdown BITGH G EmissionsErising from O
homeElectricity iselin California. TheTargest Sources 0fElectricity -based GHGEmissionsinfhel
averageCaliforniadiousehold @reseen foBelindoorlighting, Tefrigeration, entral@ir O
conditioning, Televisions,d@nd Personal Computers.The@stimated 95%Confidencelintervals [
surrounding The Meported Averagesmange from #/-25%dor [Gentral@ir Gonditioning o & -10% For O
televisions,Tighting,@nd personalGomputers. I

TheTesultsin FigureR2@nd Figure 3Erein general@greement with the findingsOfGther Tecent[
household Energy mseStudiesin Talifornialsee for Example Tiron @nd KEMA 2008). However,O
the Tesearchcontributions@ffhedirect homeEnergy@nalysisin This[project@re: {1)The
mcorporation©fidvailable bottom-up €nd Msemodelingdetailsinto@nintegrated Carbon [
footprint@stimation framework [@sdescribed [in Bection 3,HAnd [2)Thelnclusion Gfparameter O
uncertainty @nalysis fo @id ih Tesultsinterpretation. These TwoGontributions Gan @llow Stated
energy@nd [policy @nalystsfo IeverageTheTesults ©ffecent iousehold @nergy liseStudiesin
state-specificarbon Footprint@nalyses hoving forward. 0

M Interior lightingland misc.

M Firstirefrigerator

H CentralA/C

M Television

= Personalicomputer

H Poollpump

u Additional refrigerator

M Dryer

" Freezer

m Water heating

= Qutdoor lighting
Microwave

H Range/oven

H Clothes/washer
| | |

0 100 200 300 400 500 600 700 800
Annual GHG Emissions/ (kg 002e/ year)

Figure 3: Estimated annual direct electricity GHG emissions by end use
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Estimated dnnualSupply Ghain (GH G8missionsAttributable o fThe DurchaseGfiouschold [goodsO
and [Services@reSummarized ih Figured.TheTesults@represented By KeyGonsumption
category.Thedwo Iargest GontributorsfofhesSupply Chain@arbon footprint 6fiouseholdsdred
seen foDefood [@nd beveragesGonsumed [EtHome,@nd Thebroad Category Bfiniscellaneous
goodsdAnd Services.ThisTatter ategory SummarizesPpurchasesmotielated foTheGther D
consumptionCategories@ndincludes@diversity bfitemsSuch @spropertyfaxes.Iuggage,
clocks,Tawn[d@nd garden Supplies.@nd PetTood. Houschold Services whichincludeiwater,O
sewage,@nd wasteCollection), Testaurants@nd Motels, ousehold furniturednd Eppliances,@And O
education@re@lsoseen fobeSignificant Contributors fo The Supply ©hain Garbon footprint.O

u Miscellaneousigoodsiandservices

B Foodland/non-alcoholicbeveragesat home

B Householdiservices

B Restaurantsand hotels

® Household furnishings, equipment, and! |
maintenance

B Education

© Qothingand footwear

¥ Recreationiand/culture
I HealthiCare
l' M Communications
H Alcoholicbeveragesiandtobacco
: : :
0 1000 2000 3000 4000 5000 6000

Annual GHG Emissions| (kg CO2e/ year)

Figure 4: Estimated annual supply chain GHG emissions per household by major
consumption category

O

Figure@@lsoSuggeststhatfheidentified parameter incertainty Surrounding The@verageTesults
generated dor [fhe Jood Cand [(beveragesatthome {+30%/-10%)(and thousehold Services [{+/-30%) 0
categoriesarefairly Substantial.[Themajor Sourceofldentified parameter mncertainty For Hoth O
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ofTthese Tconsumption Ceategories Ow ereCfound CtoChe CtheMmon-energy CGH G Cemission Cfactor O
assumptionsin[Equation3,Specifically The W.S.[EPA {2004) GH G Estimates for [gricultural Soil 0
managementland [entericdfermentation [{important for food lGtems)and dor (andfillsCand Gvater
treatment{importantfor Household Services). O

ThemetleffectsofTparameter uncertainty for mon-energy (GH Glemission dactorsin The Supplyd
chain inodelfare mnderscored Gn (Figure (5, which Summarizestheaverage Supply Chain (GHGO
emissions estimates by Cemissions3ource.[OfTthedotalCZannualthousehold Bupply fehain (GH GO
emissions{15,500kg),Toughly Gwo-thirds[9.900Ckg) Careestimated (o tomefrom fossilfuel O
sources@nd ©One-third {5.600kg)@re Estimated Todomedrom Mon-energy Telated GHGEmission
sources.[However.,theOnajority “ofltheddentified (parameter funcertainty fn (the Supply khain 0
GHG Cemissions[estimate Qs Cattributable Gothe hon-energy (GH Gemission [(Tactor data.[(ThisO
parameter mncertainty Gsidurrently inavoidablegiven TheState 0fmeasurement@nd Estimation [
techniquesTelated TotheW.S.Mational GHG Emissionsinventory. However, TheTesultsin Figure
4and FigureSSuggestThat,mevertheless, These parameter incertainties mustBeAcknowledged O
when OnterpretingfheTesults0ffhe 10-based BupplyGhainmodeling frameworkdeveloped Gn [
this Project. T

= Non-energy GHGs
B Coal

B Petroleum

¥ Natural gas

B Other fuels

0 1000 2000 3000 4000 5000 6000 7000 8000

Annual GHG BEmissions/ (kg CO2e/ year)
0

Figure 5: Estimated annual supply chain GHG emissions per household by source
category

O

TheTesultsin Figure@@nd FigureSEgree Tavorably with The Tesults OfSimilar Studies@nd Tools.[
such@sfhe.S.Mationalcarbon FootprintStudy (Weber@nd Batthews2008)E@nd the Toold
California@alculator ICool T alifornia2008)which Telies ©n fThe [EIO-LCA modelICMU 2008)For
itsSupplyGhain (GHG Emissions@stimates). However.thepartial parameter incertainty O
estimatesfacilitated By The Supply©Ghain modeling framework developed fin Thisprojectprovide ]
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new diisightsintoTheMaturednd Bignificance GfTheParameter lincertainties ThatGan BeO
quantified By @vailabledata.TheseinsightsGan fead fo Thorelinformed decision haking by State
energy [@nd [policy @nalysts.

Themostmovel feature GfTheSupply Ghain odelingframework developed in ThisProject,0
however.isits@bility Todisaggregate,in @Preliminary Tashion,Energy Telated SupplyChaind
GHG @missions by fuelEnd lise@sdescribed in [Section 3.3.0

Table®BfhroughTable®Summarize@stimated @verageSupplyGhain GGH G EBmissions[@ttributabled
toElectricity, iaturaligas, oal, And Petroleum for Key fuelend misesfin Themanufacturing, [
commercial,dgricultural, Waterfreatment, fransportation,@nd [powerSectors. ]

AsMiscussed in(Section3.2.3,[@n dimportant(daveat[d@ssociated With @ll[0fThese End Gise[GHGC
emissions@stimatesisThatThey@rebased ©On@verage.S.End sebreakdowndata,whereasthel
supply©hainsforhanygoods@nd Servicesincluded inThemodel@reglobalin mature.
However,These€nd Misedatalan Serve@sd@ndinportant first @pproximation foward Thore
regionally-accurate MRIO-based hodelsin Thefuture.O

Alsoprovided inTableGihrough(Table@EreEstimated @5%Confidencelntervals,ihich@pply O
tofhel@verage@nnualSupplyGhain GH G EmissionsEstimateforBach énd lise.Based Gnfhel
parameter @ncertainty Tangesfhat©ould BeEstimated For Key dataihputsio fhemodel, TheO
research feam Bstimated ©95%[Confidencelintervalsthat@veraged @round F-15%Jormostfueld
end @ses.[Thus,there@redppreciabledincertainties@ssociated Gvith @stimating The Supply Ghain
GHG BmissionsEtThe Tevelbidiscretefuel@nd Gses. Theseincertainties mustBe Taken fnto D
accountiwhen interpreting the Tesults Offthe Supply Chain modeling framework. I

TheTesultsin SuggestfhatSupply©hain€lectricity Gse@ccounts for @round ©ne-quarter 6fftheD
averageSupply Ghain GGHGEmissions footprintGiTalifornia@esidents. ThelEnd GseSummary 0
suggestsfhatfhevastmajority 6ffhese Electricity Telated €missions (87%)@re@ttributable o €nd O
usesinfhemanufacturing@nd GommercialSectors. [

Moreover, Toughly Two-thirds GiElectricity elated €missions @re Estimated o be@ttributable To O
threebroad End Wses:motorSystems,Tighting, @nd HVACSystems. Thus,[iGsTikely ThatThesed
end MsesTepresentimportant €fficiency ©pportunities for Beducing theSupplychain GHGO
emissionsTootprintGfTaliforniaiouseholds. Burthermore,d@nalysis 6fSuggests Thatdround O
80%of@llSupply ©hain Electricity Telated GH G@missions ©ould beharacterized into D
meaningful@€nd mses{i.e..TotigenericTother” Categories).

28



Table 6: Estimated annual supply chain electricity related GHG emissions per household

by end use
kg % of 95% C.I.
Sector End Use CO2elyear Total Lower | Upper

Manufacturing Machine Drives 751 20% 651 850
Process Heating 147 4% 1 168

Process Cooling and Refrigeration 130 3% 108 151
Facility HVAC 127 3% 108 145
Electro-Chemical Processes 114 3% 101 127
Facility Lighting 99 3% 88 110

End Use Not Reported 52 1% 39 65

Other Facility Support/Uses 41 1% 35 48

Commercial Lighting 606 16% 533 685
Cooling 268 7% 231 304

Ventilation 251 7% 216 289

Refrigeration 206 5% 161 256

Other 200 5% 174 226

Computers 111 3% 97 125

Space Heating 80 2% 68 91

Office Equipment 42 1% 37 47

Water Heating 40 1% 35 45

Cooking 28 1% 25 31

Agricultural Other 259 7% 228 287
Motors 33 1% 29 36

Lighting 15 0% 13 16

Machinery 7 0%
Water treatment Motor systems (pumps) 8 0%
Other 1 0% 1 1

Unclassified Unclassified 165 4% 146 184

Total for all sectors 3782 100% 3348 | 4192
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TableSummarizesfhelnd Mse@stimatesFor AverageTiaturalBas Telated GHG Emissions By O
supply©hainEnd use.TthvasEstimated ThatPprocessfieating, H VAC,Ednd Steam System [End ises
account@round One-halflofMatural gas Helated €missions. Combined, themanufacturing,C
commercial,ldnd PpowerSectors@ccountfor @round Q0% BfTaturalgas Telated (GH G Emissions.

Table 7: Estimated annual supply chain natural gas related GHG emissions per household

by end use
kg % of 95% C.L.
Sector End Use CO2elyear | Total Lower | Upper

Manufacturing Process Heating 411 16% 387 441
Conventional Boiler Use 253 10% 230 284
CHP and/or Cogeneration Process 134 5% 128 142

Facility HVAC 59 2% 54 63

End Use Not Reported 22 1% 18 26

Machine Drive-Total 21 1% 20 23

Conventional Electricity Generation 10 0% 10 11

Other Process Use 9 0% 8 10

Process Cooling and Refrigeration 8 0% 7 9

Other Facility Support i 0% 6 8

Commercial Space Heating 637 25% 567 717
Water Heating 83 3% 75 94

Other 61 2% 59 65

Cooking 43 2% 36 51

Power Electricity generation 526 21% 507 549
Unclassified Unclassified 251 10% 242 261
Total for all sectors 2537 100% 2420 | 2675

O

TableBSumm arizesfhelénd MseBreakd own Bidoal Melated Supply Ghain GH G EmissionsC
estimated by Themodeling framework. Electrical pow ergeneration @ccountsfor thegreatestd
share(0flcoalTelated €missions, followed by Processlieating, Cogeneration,@nd Steam Systems
mnfhemanufacturing Sectors. Il

Table 8: Estimated annual supply chain coal related GHG emissions per household by end use

kg % of 95% C.I.
Sector End Use CO2el/year | Total | Lower | Upper
Manufacturing Process Heating 184 5% 159 208
CHP and/or Cogeneration Process 181 5% 159 202
Conventional Boiler Use 86 2% 76 95
Other 55 1% 47 62
Power Electricity generation 3150 85% 3020 3254
Unclassified Unclassified 38 1% 34 41
Total for all sectors 3696 100% 3534 | 3819
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Lastly,fheEnd MiseBreakdown Bipetroleum Telated Supply Ghain (GH GEmissionsis 0
summarizedin Table@.Muefolack 6fdomprehensivelEnd wsedatalon Supplychain petroleum O
use,@largepercentageOfitheTesults (around B0%)Tellinto thegenericTother” Or inclassified O
end diseldategories. [Still, The Temaining 30% 0fpetroleum Telated Bmissionsivas@ssociated vith O
knownendmses,whichShedspartialfighton TheTmature GfiSupply Ghain Petroleum Emissions ]
and [@idsin@ssessingMow fhoseE€missionsdould beTeduced By Supplychain Technology
improvements. 1

Table 9: Estimated annual supply chain petroleum related GHG emissions per household

by end use
kg % of 95% C.I.
Sector End Use CO2elyear | Total | Lower | Upper

Manufacturing Process Heating 132 5% 118 149
Conventional Boiler Use 102 4% 86 120

Other 85 3% 64 107

CHP and/or Cogeneration Process 95 2% 49 63

Onsite Transportation 51 2% 46 57

Agricultural Other 188 7% 184 195

Motors 73 3% 71 76

Machinery 40 1% 39 41

Onsite transport 7 0% 7 8

Lighting 1 0% 1 1

Transportation Truck 325 12% 318 336
Air 164 6% 160 170

Qther 109 4% 106 113

Rail 65 2% 63 67

Water 54 2% 53 57

Mining and

Construction Unclassified 256 9% 246 270
Power Central electrical power generation 106 4% 104 110
Unclassified Unclassified 1000 36% 973 1037
Total for all sectors 2815 100% 2745 2926

O

Infotal,theBottom -up modeling Tesults Summarized n [Table®Through Table @Ettributed O
roughly Two-thirds 6fTheEstimated FossilTuelelated Supply Chain GH GEmissionsTo Known
endmses{i.e..0One-third 6flemissionsfellintofhegenericJother” Grnclassified ©nd mses). T

4.2. Analysis of Energy Efficient Technology Potentials

Section@.1[demonstrated The(dapabilities 6fithe Bottom-up GHGEmissions modeling J
frameworkdeveloped in fhis Project By Summarizing @stimates BfThednnual AveragedirectD
(homeEnergy)dnd Supply©chainGarbon footprintsperfiousehold. ThisSection illustratesfhe
policy Televanceoffhis Bottom-up @pproach ¥ialddasestudyThatE@xploresfiow fhel@veraged
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household Garbon ootprint dould BeTeduced ThroughfhedeploymentGibest Practice Energy 0
efficientfechnologies.

Thepromotiondnd deploymentofiSuch Energy Efficient Technologieshaslong been@policy O
focusii California. Policy mechanisms forihcreasing Thedd option GiTesid ential Technologies O
include@ppliance@fficiency Standards,EquipmentTebates@nd Taxincentives,@nd initiatives
aimed @tTaising @wareness. Policy theasuresforincreasing the@doption GfEfficient Supply O
chain Technologiesincludegovernmentgreen purchasing Programsthat give preferential
treatment@oSuppliersivhodemonstrateest PracticeEnergy Efficiency (for €Example,O
demonstrated By ENERGYSTARGertification 6fdommercial@nd industrialbuildings)@nd O
product@arbon footprintIabels@nd Standards.TheIatter[policy measureliasTeceived much
attention in TecentFears@sHiharketBased M echanism fodriveSuperior Supply Chain 0
performance,ith @motable Example beingfhe Tarbon Trust’sTarbon Reduction IabelCarbon
Trust2008).[

TheEnd sedetails fincluded n Bottom -up GHG Bmissions modeling framework developed in 0
thisiprojectGan @llow [State Energy @nd Policy TesearchersTomodelTechnology deploymentC
scenarios(in@directfashion Thatis Mot(possiblelin €xisting [Carbon footprintGalculator fools.O

Infhis@aseStudy, The Tesearch Team Treated The Desults Summarized i Section @.1@s fhe Current
averageDaselinefiousehold GHGEmissions. Next,TheTesearch feam Compiled [data©On Energy
efficientfechnology theasures@pplicable fomany Gffhedirect @nd Supplychain fuel €nd LisesO
thatwereGharacterized By fheBottom-up Mmodeling@pproach. Tn Particular, Thisdatall
compilation Effort focused ©On EstimatingThe€nd isefuelSavings@chievablelin @fechnicalSense
through the@doption Gfl@particular€fficiencymeasure, fegardless0fitheostGfithatmeasure.
Finally,fhefeam dpplied fTheEnergy SavingsEstimates o Each Fuellénd Miselin fhemodeling
framework@nd Gompared Thedesults Tofhedarbon footprintHaselineobalculate GHGEmission [
reduction[potentials.

TheGaseStudy donsidered Key Tuel @nd LiseE@fficiency easures@pplicablefo HomeEnergy.O
commercialSector@lectricity @nd Maturalgas,ind ustrial Sector Electricity, Maturalgas, Coal,@nd O
petroleum.@gricultural€lectricity @nd petroleum,@and Water freatment€lectricity.[AsSuch,fhe
research feam’s@nalysis@ddressed fuel@nd Mses Tesponsiblefor@Targeraction Gfthe@dverage
Californiafiousehold @arbon footprint.Mowever,fhere@reiindoubtedly manymMmore@Energy
efficientfechnology Theasures@pplicablefofhese@nd bther IO Sectorsthatiweremotaddressed C
inThis@daseStudy[e.g..fransportation,mining. Gonstruction,d@nd fheEnergyindustries).These
measuresiould Beinhcluded inFuturevork.O

Furthermore,TheTesearch feam [did motConsider changes To Behavior {e.g., Murning Bfflights 6rO0
purchasingfewer[goods).GhangesfoEnergySupply{e.g.,installation BfSolar photovoltaicO
panels), Mon-energy GHG Emission mitigation measures (e.g., Bed uctions i Tand fill gas flaring).O
orichangesfopurchased products{e.g..buying Tecycled paper)inits Gase Study.These@re@lln
clearly Werydinportant@ptionsfor Teducing©One’sGarbon footprint,Gvhich Gould BeExplored i
themodeling framew ork in futurevork. Table 10 Summarizes The T easures @pplicable To O
residential €nergy Efficiency in Taliforniad wellings Thatiw ere ©onsidered in This GaseStudy.C
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Many ©BfTheSavingsEstimates for Bach Ih easureTeflect Bestdvailablenformation On fthe

remainingefficiency Potentialin California, based on Tecent Efficiency potential Studies@nd
analysesOffheTalifornia Tesidential Sector (N orth 2008; Ttron [@dnd KEMA 2008).In [particular,
theTtrondnd KEMA [2008)Study Based ItsEstimatesin [parton RASSdata, whichBielped Ensurel
theGonsistency Bffhose@stimateswith Thedirect GH G Emissionsbaselinein fhisStudy.ForD
othermeasures,SavingsEstimates @tThe.S. Mmational eremsed [@s fhey Teflected best@vailable D
information [for@given Mesidential€nd Mise.In Motal,TheTesearch feam Considered d2@Energy 0
efficientTechnology easuresfor liousehold Electricity lise,dnd 3Energy Efficient Technology O

measuresforfousehold maturaligasmse.

Tabled0:Residential fechnologytheasure dssumptions

End Use Technology Measure | Savings ‘ Source(s)
Electricity
Central A/C Upgrade to SEER=15 split system 13% North (2008); Itron and KEMA (2008)
Clothes Horizontal axis with improved
50% Brown et al. (2008)
washer motor
_ Upgrade to ENERGY STAR (EF )
Dishwasher ~0.58) 15% RLW Analytics (2008); North (2008)
First North (2008); Itron and KEMA (2008); U S.
_ Upgrade to ENERGY STAR 15%
refrigerator EPA (2008b)
North (2008); Itron and KEMA (2008); U S.
Freezer Upgrade to ENERGY STAR 15%
EPA (2008b)
Furnace fan High efficiency motor 25% Brown et al. (2008)
Interior North (2008); Itron and KEMA (2008); Brown
o Compact fluorescent bulbs 50%
lighting et al. (2008)
Personal Energy Star PCs and power
50% Brown et al. (2008)
computer management
Pool pump Two-speed pool pump 49% North (2008)
Second Use first refrigerator to replace
] 33% KEMA (2008)
refrigerator second
Television Reduced standby power losses 25% Brown et al. (2008)
) Upgrade to high efficiency
Water heating 5% Itron and KEMA (2008)
(EF=0.63)
Natural Gas
] Upgrade to ENERGY STAR (EF
Water heating _067) 12% North (2008); U.S. EPA (2008b)
. Upgrade to ENERGY STAR )
Space heating 11% RLW Analytics (2008); U.S. EPA (2008b)
(AFUE=90%)
Dryer Moisture sensing dryer 10% Morth (2008)

0

ThelEnergy Efficientfechnology Measuresidentified for The dommercial TO Sectors [dre

summarized[in Tabled1.ThesemeasuresfinTabled1@ddress@llkeyfuelEnd msesfincluded fn 0

the Supply©hain hodeling framework.Furthermore,thesedataepresentbest @vailabled
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measureSavings @stimates for The Wnited States from Two DecentdomprehensiveStudies 61T.S.0
commercialbuilding@ppliance Energy [Efficiency Potentials (Brown €t [E].2008;Rosenquist€t@l.
2006).1T

Table 11: Commercial technology measure assumptions

End Use Technology Measure Savings
Electricity
Computers ENERGY STAR PCs and monitors, power management enabled 60%
Cooking ENERGY STAR dishwashers, fryers, hot food holding cabinets 32%
Cooling Improved HVAC systems and controls 48%

T-8 lamps with electronic ballasts, occupancy controls, daylight dimming,
Lighting 25%
improved lighting design

Office Equipment ENERGY STAR copiers and printers 25%

Other More efficient motors in ceiling fans, pool pumps, other applications 35%

_ . High efficiency upgrades to walk-in and reach-in coolers and freezers, ice
Refrigeration _ 38%
machines, etc.

Space Heating Improved HVAC systems and controls 39%

Wentilation Improved HVAC systems and controls 45%
Natural Gas

Space Heating Improved shell, HYAC systems, and controls A47%

Water Heating Higher efficiency storage and instantaneous units 10%

Other 10% reduction in miscellaneous gas use 12%

Cooking ENERGY STAR fryer and steamer; more efficient broilers, griddles and ovens 31%

Sources: Brown €t @l.{2008); Rosenquist Bt @l. [2006) 0

Forfhelndustrialfuelend msesinfheSupplychain hodel TheTesearch Team [developed C
aggregate Bnergy Saving@stimatesor BundlesBfénergy Efficient Technologies@tthe 3-digitdO O
sectorfevel. TheTesultingSavings@stimates For Thermal processes{i.e., processes Based Gn
naturallgas,Goal,d@nd Petroleum)For €ach IO Sector @re Summarized GnTable 2.0

The@stimatesfor@chievableSteam [System fuelSavingsin fhepetroleum.chemicals,@nd pulp O
and [paperindustrieswerederived from dTecentW.S. Mepartment 0f Energy Steam System O
assessmentforThoseindustriesU.S.IDOER002). For fhe Temaining ind ustries, Steam System 0
savings(@stimatesfrom @mational-levelindustrialsteam Efficiency @nalysis Were@pplied C
(Einstein€t@].2001). TheEstimates for fuelSavingsin Process ficating System s for @ Guimber 0fT
industriesiwerederived from TecentSector-specificStudies By LBNL End theW.S. Mepartmentofl]
Energy.For@llotherindustries,@nd for @1l H VAC measures, fheDesearch feam Gised Sector-
specificdatafrom TheW.S. Mepartment BiEnergy’smdustriallAssessment Tenter (TAC)D
databaseIAC2008).The TACdatabaseontains€nergy@nd GostSavingsEstimates for iundreds
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ofidifferentindustrial fechnology Measures,vhich WereGompiled Auring fThousandsBiEnergy O
auditsdonducted@tSmalldAnd hedium Sized thanufacturingplantsin The Wnited States Since
the1980s. M

Table 12: Industrial technology measure assumptions for thermal processes

Natural gas, coal, and petroleum
2002 10 sector(s) Steam systems Process heat HVAC
311, 312. Food and beverage 18% 18% 25%
313, 314 Textile mills and products 18% 18% 19%
315 Apparel 18% 12% 19%
316. Leather products 18% 24% 10%
321. Lumber and wood products 18% 12% 33%
322; Paper 13% 40% 33%
323 Printing 18% 10% 14%
324 Petroleum and coal (fuel) 12% 23% 21%
325. Chemicals 12% 18% 9%
326. Plastics & rubber 18% 11% 18%
327. Nonmetallic mineral 18% 16% 20%
331: Primary metals 18% 10% 22%
332. Fabricated metals 18% 10% 22%
333. Machinery 18% 10% 10%
334. Computer & electronics 18% 10% 13%
335. Electrical equipment 18% 10% 18%
336; Transportation equip 18% 11% 17 %
337. Furniture 18% 10% 14%
339. Miscellaneous 18% 10% 18%
Sources for savings estimates 10 322, 324, and 325. 10 322; All
U.S. DOE (2002) Jacobs & IPST (2006) IAC (2008) and
All others: 10 324, KEMA (2006)
Einstein et al, (2001) Energetics (2006)
10 325.
U.S. DOE (2004)
10 327.
Rue et al. (2007)
Martin et al. (1999)
10 331
Choate et al. (2003)
Stubbles (2000)
Worrell et al. (1999)
All others.
IAC (2008) and KEMA
(20086)
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Tabled3SummarizesfheEnergy Savings@stimates@derived i ThisdaseStudy for Energy Bificient
technology BhundlesTelated Tolhdustrial Electricity iise. The@stimates for Savings from totord
systems(@rebased On@Comprehensiveationalindustrialmotor(System inventory ©onducted O
by Xenergy (2002),avhich ihclud ed Site Wisits Within farious ihd ustrial IO Sectors (including 0
waterfreatment;See).TheEnergy SavingsEstimates for ind ustrial H VAC, Tefrigeration,@nd O
lighting SystemsWerederived Tising fechnologymeasuredatafrom TheTAC database.

O
Table 13: Industrial technology measure assumptions for electricity
Electricity
Motor
2002 10 sector(s) systems HVAC Refrigeration | Lighting
311, 312: Food and beverage 12% 14% 15% 16%
313, 314: Textile mills and
products 14% 13% 10% 16%
315: Apparel 14% 14% 14% 16%
316: Leather products 12% 10% 10% 16%
321: Lumber and wood products 9% 8% 27% 16%
322: Paper 14% 25% 15% 16%
323: Printing 12% 9% 14% 16%
324: Petroleum and coal (fuel) 20% 15% 15% 16%
325: Chemicals 16% 14% 15% 16%
326: Plastics & rubber 15% 10% 21% 16%
327: Nonmetallic mineral 15% 7% 25% 16%
331: Primary metals 12% 13% 14% 16%
332: Fabricated metals 16% 11% 17% 16%
333: Machinery 15% 10% 6% 16%
334: Computer & electronics 23% 7% 11% 16%
335: Electrical equipment 13% 9% 21% 16%
336: Transportation equip 15% 9% 20% 16%
337: Furniture 13% 10% 9% 16%
339: Miscellaneous 15% 7% 5% 16%
Sources for savings estimates All; All:
Xenergy (2002) IAC (2008) and KEMA (2006)
O

Lastly,EnergySavings@stimates(dssociated ith Energy Efficiency mheasures for otorsin fhel
agricultural@nd water freatment Sectors dre[Summarized [in (Tabled4.TheEgricultural Savings D
assumptions@rebased On TecentStudies0flon-farm Energy iise@nd Efficiency Potentialslin fhe
United States By Brown @nd [Elliott{2005a,2005b). 0T
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Table 14: Agricultural and water treatment motor technology measure
assumptions

10 sectors Fuel Savings Source(s)

Agricultural Electricity 18% Brown and Elliott (2005a, 2005b)

Agricultural Petroleum 23% Brown and Elliott (2005a, 2005b)
Water treatment Electricity 22% Xenergy (2002)

O

AlldverageSavingsEstimatesin Tabled0Through Tabled4erefreated @spointEstimates]
withoutparameter lincertainty@ssumptions/(inthemodeling framework.ThisSimplification O
wasduelprimarily fo Tack BfSufficientd ata fo Bstimatedredibleparameter incertainty anges
forfheGonsidered measures. Mowever,Theparameterincertainties Associated With Thebaseline
scenarioeremaintained ToprovideSomefindication Bffheminimum Gincertainty @ssociated O
withThedifference Between fhebaselineldnd Energy Efficient Technology ScenarioTesults for
eachfuelEnd ise.O

Thel@verageSavings@stimatesin Tabled0ThroughTabled4@reepresentative0fbest practice,
currently@vailable,@nd Gost-effective Technologies. MoreldggressiveSavingsmay beDealized C
through@dvanced @nd Emerging Technologies: Such Technologies©ould @lso BeEvaluated ih The
modeling framework in futureStudies.O

Thefotal GH GEmission Teduction Potential@ssociated Gvith The@doption BflfheTesidential@nd O
supplychain Energy Efficient TechnologiesSummarized in [Table10fhroughTabled4was
estimated @tE@round 2500 kg TO:zeperyear.I
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Figure®6SummarizesTheTesults By ThedpplicableSectordnd fuelfype.(TheBnergy Etficient
technologies@onsidered for TeducingomeEnergyiisedccounted For Toughly ©ne-third (800 kg O
CO:¢)ofihefotal€stimated (GH G Emission Meduction [potential. Supply Chain [ommercial O
building Measures@ccounted for Toughly 0% {1000k g TOq¢)6fTheEstimated IGH G E€mission ]
reduction Ppotential.

u Totalforrallimeasures
B Commercial lelectricitymeasures

u Residential electricitymeasures

B Industrial NG| coal,|and petroleumi measures
= Commercial NG measures

B Residential natural igas measures

B Industrial electricity measures

= Agricultureand water measures

0 500 1000 1500 2000 2500 3000
Annual GHG BEmissions (kg 002e/ year)
O
Figure 6: Estimated total GHG emissions reduction potential per household by measure type
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TabledSummarizesfhelstimated GH G 8missionsDed uction Potential for AomeEnergy lse By O
fuellend lisemMeasure.These@esultsTand ThoseGfJuinderscorefhemodeling framework’s @bility O
tolprovideldetailed 6nd isebreakdowns,which @ddsmseful fechnologyimprovement
evaluation [apabilities[fo California@arbon footprint @nalyses. TheTesultsinTableZ show Tthat O
directiomeEnergy GHGEmissionsfrom The@verageTaliforniafiousehold Gould Bemeduced O
significantlyfhroughThe@doptionofmoreEnergy Efficient Technologies. Specifically, Energy
efficiencydpgradesiointerior lighting.Maturalgas fired vater ieating@nd SpaceBeating J
technologies,personalComputers,poolpumps,@nd Tefrigerators@re Estimated To Offer The
greatest GHGEmission MeductionPotential. TheseSeven TechnologyMeasures@ccount for D
roughly @0% 0f@stimated (tHG Ceductionsin Tabled. TheseTesultsSuggestThatin Particular.]
thesefechnologies Should beGentralfeatures Bfpolicy Efforts @imed @tTeducing The Garbon 0
footprints©fTaliforniafouseholds.O

| Bec: Interior lighting
NG Water heating
NG Space hieating

— Hec: Personal computer
Hec: First refrigerator

® Hec: Pool pump

® Hec: Television
Hec: Additional refrigerator

® Hec: Central A/C

B Hec: Qotheswasher

® Hec: Freezer

B NG Dryer

B Hec: Furnacefan

B Hec: Water heating

® Hec: Dish washer

0 50 100 150 200 250 300
Annual GHG Emissions (kg G02e/ year)

Figure 7: Estimated home energy GHG emissions reduction potential per household by measure

type

39



A Himilar Breakdown BiHupply Ghain [GH GEmissions Ted uction Potential by End iseeasured
typelis©Offered in FigureB.Results@reCategorized By major Supplychain TO SectorCategory U
(industrial,dommercial, @gricultural.[@nd Water freatment)d@nd [6nd Wsedeasuredategory.Dverd
one-halflofThe@stimated SupplyGhain [GH G@missionsTeduction Potentialis@ssociated vith[C
thedop [Eightmeasure@ategories,iwhichlinclude@fficiency lipgradesibCommercial Electrical ]
and Maturalgasend @ses@nd industrialdoalEnd Mses.

: | — NG Commercia Space Heating
| | - a Coal: Industrial process heating
i Hec: Commercial Lighting
#— Qoal: Industrial steam systems
; Hec: Commercial Cooling

¥ Hec: Commercial Ventilation
Bec: Industrial machine drive

= Bec: Commercial Refrigeration

® NG Industrial processheating

= Hec: Gommercial Other

= Hec: Commercial Gomputers

B NG Industrial steam systems

¥ Bec: Commercial $pace Heating

B Petr: Industrial processheating

B Bec: Industrial refrigeration

= Petr: Agricultural motors

= Hec: Industrial lighting

® Hec: Industrial HVAC

= Petr: Industrial steam systems

B NG Commercia Cooking

B NG Industrial HVAC

B Hec: Commercial Office Equipment

B Bec: Commercial Tooking

B NG Commercia Water Heating

= NG ‘Commercial Other

= Hec: Agricultural motors

= Hec: Water treatment motors

1

T T

0 50 100 150 200 250 300 350
Annual GHG Bmnissions (kg CO2e/ year)

Figure 8: Estimated supply chain GHG emissions reduction potential per household by measure

type
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Roughly©@ne-halfli®00Kg T Oq¢)BiThe Estimated Supply Chain Potential ik Ettributable Tofhe O
commercialbuilding theasuresdonsidered in The daseStudy;©fThesemeasures,fechnology O
upgradesfocommercial H VACl@nd dighting Systems@re€xpected foIead fofhegreatest J
emissionsTeductions. Thelindustrial theasuresGonsidered infhis dase Study Accountfor @round [
40%[700kgT02e)6fTheEstimated Supply chain Potential. ThelgreatestTed uctionsin fhe O
industrial Sector wereExpected ToComedrom Efficiency lip gradeso Facility process fieating,
steam,@nd ThotorSystems.[]

Themesultsin Figure®BShed Tight®n Some©{TheMostimportant@pportunities for TeducingTheO
supply©hain Garbon Tootprints@fTalifornia Tesidents. Knowled ge0fthemost SignificantEnd
useGfficiency Gpportunities@an Belp hform Policy dhitiatives@imed At Feducing SuchSupplyd
chain @arbon footprints. Hor Example,@reen State Purchasing programs Gould Consider giving 0
preferentialfreatmentfoSupply©hain Partnersiith Efficient dommercial@nd AndustrialC
buildings,@s@pproximated by Thepresence 0fiigh Efficiency HVAC,lighting, Process lieating,
steam,dnd motor Systemsin fhoseBuildings. Such G formation Could BeGuickly dnd Basily O
verified Through facility @uditsoridocumentation 0ffhelinstallation Oflbest Practice Equipment.
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5.0 Conclusions and Recommendations

Conclusions™

ThisProjectideveloped Bottom-up @nd Ghput-output@pproachesfoEstimatethe iousehold J
carbon footprints@ssociated vith TCalifornia Bome@Energy lisel@nd tThe Supply GhainsHecessary
forproducinggoodsEnd Services.ThisEApproach Providesgreater fusightintofhemnderlying O
technologiesd@nd PprocessesGontributing o TheCarbon Tootprint©fTalifornialiouseholds.d

ThedaseStudy TesultsSuggestThatOverfhree-quarters{15,500Kg)0fTfiousehold GGH G Emissions
can BeGttributed fofheConsumption 6fgoodsdnd Services. Thus, Supply Ghain Emissions dre]
likely fo Be @ FignificantGpportunity for feducingfheGarbon footprint 6fTaliforniamesidents. D

Thelargest Sources BfElectricity-based (GH G Emissions innfhedverageTaliforniafiousehold O
wereEstimated To beindoorflighting, Tefrigeration, CentralGdir Gonditioning, Televisions,@nd O
personaldomputers.TheMajority Of GH G @missions@ssociated with iousehold maturaligasmsed
werel@ttributableToTwo primary €nd lises:waterfieating [and Space lieating.The TwoIargest
contributorso TheSupply Ghain arbon footprintGfTalifornia Hesidents Were@Estimated To Be
food @nd Beverages@onsumed @tMome,dnd The Broad Category ofmiscellaneousgoodsdnd O
services. Il

ThedesultsBiThedaseStudy SuggestThatSignificantTeductionsih fhedverageMouschold O
carbon footprintmightbemealized TthroughThe@ddoption Bfénergy Efficientfechnologies i [
Californialdwellings@nd infheSupply Chainsthat producegoodsiand Services purchased By
Californians. ForThe Technologyeasures Gonsidered.TheGH G EmissionsTeduction Potential J
was@stimated @tToughly 2,500k g TO2¢/year,Br13%6ffhefotal @stimated direct @nd Supply
chain Garbon footprint. 1]

Lastly,Thepreliminary parameter incertainty @ssessmentdonducted in fhisprojectTevealed 0
significantdincertainties SurroundingThe@verageCarbon footprintEstimatesgenerated Dy The
model.LargeTncertaintiesin Themon-energy Supply ©hain GHG Emission Factors@re
particularly importantfo@cknowled ge when interpreting theTesults Ofthis Project.C

Recommendationsd

Themesearch Team Adentified @ Gumber ©fOpportunities for futuremesearch Tthatould Gmproved
and Expand Mpon The Bottom -up.TIO-based hodeling framework [developed [ Thisproject:0

+ TImproved fuel€ndfisemmodels©@ould Beldeveloped for Supply Ghain Hetroleum mses—
particularly in Thefransportation Sector—and Gses6flbiomass,Waste,[dnd Otherfuels.C
TheDesearch Team Gvas Gnly @ble fo Offer @Preliminary disaggregation Ofpetroleum seC
based ©On dvailabledata,bvhich dentered Ondfew Key End tses. NoEnd isebreakdownsC
weredeveloped for Biomass,waste,@nd Gther fuelsduefo Tack GfTeadily-availableldatal
onfhedomposition Bf@nd End MsesTor Thesefuels. However, End @ se Breakdowns For
petroleum EAnd Hiomass, Waste,dnd Gther fuelsGould Bedeveloped Based On more
detailed Study ©findividual IO Sectors.C
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A mhoreomprehensiveParameter incertainty Gould Bedonducted On fuellise,fuelénd O
use,@nd MeasureSavingsdatainTheTodel. TheTesearch Team Onlyincluded Teadily-
available[parameter incertainty Gnformation from fhemajor Surveydatamsed in This
project;Bowever,[parameterlincertainty @stimates for ©ther Key Mariables Gould bed
developed Mased on EAfhorough Search GflavailableldataSources.

Alpreliminary odeling incertainty @ssessmentdould e performed By Constructing
differentplausiblemodel Structuresformapping Tueldnd GGHG EmissionsdatafoTO O
sectors,@nd furthermapping Thosedatafo Specificfuel©nd mises. TheseTesults 60
differentmodelStructure@ptionsGould He dompared To@rrivedtPreliminary Estimates
ofmodelingMncertainty.[]

Moremeasures©ould Belncluded ih Future@ssessmentsBffechnologies forTeducingfhe
direct@nd Supply©hain GHGEmissions0fTaliforniaTesidents{mostmotably, Supply
chain fransportation Theasures).InThedaseStudy Bonducted in fhis project,theTesearch O
team focused ©On id entifying ©nly @ Core Set B fw ell- known easuresfor which Gred ible O
energySavingsEstimatesould Bederived. However,many Gther Technologymheasures
could beEvaluated Msing themodeling framework.[Additionally.The8conomics 6ffhosel
measuresCould Bediicluded in Future dnalyses o @rrivedt@stimates for TheGost 00
achievingwarious Ievels ©fdirect@nd Supplychain GGH G Emissions Teductions. Il

TheBottom-up SupplyChainmodeling framework Kould Be@pplied fo BIRIO ThodelsC
thatdisaggregate SupplyGhain fransactions bsing frad eStatistics.SuchEn @pproach D
could Better Teflectdifferencesin Fuel@nd Wses, Efficiencies,@nd Evailable GHGDO
emissionsTeductions(potentials@cross(global Supply©hains. Moreover, Such @n
approach Would Better @pproximate Thegeographical Gharacteristics 0fSupply Ghains For O
goodsdAnd Services Purchased By alifornians,includingin-state Supply Ghainsiwvhere
energy Efficiencies@nd fuelSources hay differ Significantly from Hational@verages.

Themodeling framework ©ould Bedpplied ToEstimateThe GH GEmission Potentials
associated With Bther Gmportant@arbon footprint Teduction Bpportunities,including
behavioralichanges,Ghangesfopurchased [products, Technologiesfor Teducing mon-
energy GHG@missions,dnd GhangesTofiome@nd Supply Ghain Energy Sources.C

BenefitsfoTalifornial

TheTesultsofthis projectprovide Twodmportant Gontributionsfoward improved TCalifornia-
specificiousehold darbon footprint@nalysis. First,fhedirect @nd Supply Chain GHG EmissionsO
modelingframeworksdeveloped in fhis projectprovidegreater bottom -up End sedetailThanJ
existing Garbon Galculators.ThisMottom -up detail@llowsTaliforniaEnergy d@nd policy @nalystsO
tobetternderstand fhelinderlying fechnologies@nd Processes Gontributing [fo fhedarbon
footprint ofTaliforniafiouseholds,@nd o better dssess Sp ecificfechnology Ginprovementd
optionsforTeducing thepersonalGarbon footprints ©fCaliforniaTesid ents. 1T

Second.ThePreliminary parameter Gincertainty @ssessmentsdonducted in [fhisprojectprovide
muchmeeded ihformation ©n fheminimum lincertainty Surrounding Garbon Footprint Bstimates,
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whichwillfelp California @nergy dnd Policy dnalysts DBetter @ssessThelisefulnessCand O
limitations)©fidarbon FootprintEstimatesfoward Policy [decisions. Theldontributions BfThis
projectshould fthereforeimprovefhelstate@ffthelartin Garbon footprint @nalysesfor California,O
which [Gan help Tesearchers(@nd policy @nalystsidentify Strategies for Ceducing TheGarbon [
footprintsGfiTalifornia Mesidents With [greateronfid ence. 1D

This work was supported by the U.S. Department of Energy under Contract No. DE-AC02-05CH11231.
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Appendix

Detailed Essumptions for Average W.S.Mousehold 2002 Gonsumer Bxpenditures 1T

. 20027
2002 Expenditure| Sandard™
g& |OSectorDescription ($Producer | Deviation ConsumptionTategory!
or Co
Price)]
111200 };ﬁfg'@m melon= | 8158 142 Food and non-alcoholicbeveragesat home
111400 Greenhouse,nursery, andLi o g - 0,85 Miscellaneous goodsand services |
floriculture production
| Poultryiandieggl’ _ _ e . - -
1123000 productioniT 23120 0570 Food@andmnon-alcoholiclbeveragesat homel
221300;| Vater sewageandother. | 537 16 | 419, Household services ]
systems(T
230302 Fbg.dentl_a{mamtenance 490.06 15.00! | Hon_JsehoId furmshmgs, equipment, and
and repair( maintenance!
311111 Dogiand catfood ' 81.9711 1.90 Miscellaneousgoodsand services
manufacturing !
311210 | Fourmilingandmaltts |, 47, 050 Food and non-alcoholicbeverages at home
manufacturing T
31122511 E?;fg:%ﬂ'sm'"'”gﬂ”d— 25167 0587 Food and non-alcoholicibeveragesat home™
311230;| Ereakfasticereal 56,020 1160 Foodiandnon-alcoholicbeveragesatihome
manufacturing ™
31131071 iﬁﬁirn':fe mills:and 2347 0.06°] Food:andinon-alcoholicbeveragesatthomer
Chocolateand!(
| confectionery(] _ _ R . - -
3113201} manufacturingfrom- 14120 0.340 Food@ndfion-alcoholicbeveragesathomer
cacaolbeans
Nonchocolatel
3113401 confectionery 48271 117 Foodand inon-alcoholiclbeveragesiat home
manufacturing ™
Frozenfood™ .
311410 manufacturingD 115.93 3.01 Foodiandinon-alcoholiclbeverages/atlhome
Fruit @ndvegetablel
311420L| canning, pickling, and 160.56 3.14 Foodandnon-alcoholicbeverages/at home
drying(
311513(| Cheesemanufacturing | 62.22( 0.96 Foodiandinon-alcoholicbeveragesiat home
_| lceicreamiandifrozen’] - _ e . - _
3115200 dessert nanufacturingT 42270 0.66C Food@ndnon-alcoholiclbeveragesathomel
311615L| Poultryprocessing! 99.29( | 248 Foodandnon-alcoholicbeverages/at home
Seafoodiproduct ™
311700r| preparation/and 74,027 3.01 Foodiandinon-alcoholicbeverages/at/home
packaging /[l
311810 | Breadandbakery’] 138.40 198 Foodandon-alcoholicbeveragesathome

product manufacturingl
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20020

I20002ﬁ |QSectorDescription Ependiturel) Sandardl ConsumptionCategory!

Sdtor prion- ($Producer’]| DeviationO P gory-
orC R
Price)

_| Cookie,cracker,land | . - o . ~ .
3118200 pastamanufacturingl 60.630 0.980 Foodandnon-alcoholiclbeveragesiatthome
Shackfood . . . : .

311910 manufacturing] 71.16 1.27 Foodandnon-alcoholiclbeverages/at home
31190 | Pffeeandtear 30,50 0.51"] Food/and non-alcoholicbeveragesiat home
manufacturing ™
311940 Ebasomng_a_ndd.resgng | 77.8217 1437 Foodiandinon-alcoholicbeveragesiat home
manufacturing
311ggg-| Allotherfood 54,060 0.947 Food andnon-alcoholicheveragesathome™
manufacturing™
312110-| 2ft drinkiandiice.) 101250 | 1677 Foodiand non-alcoholicheveragesathome™
manufacturing ™
3121201 | Breweries/[ 83.271 3.300) Foodandnon-alcoholicbeverages/at home
312130C] Wineries(T 55.680 2170 Alcoholicibeveragesanditobaccol
3121407 DistilleriesT 57.37( 2.267] Alcoholicbeveragesiandtobacco
313100" fnﬁgﬂa'”j”dmea* 4927 0237 QothingandifootwearD
313210 Broadwoven fabricmillsill | 2,150 0.08 Qothing and footwear|
3141107| Carpetiandrugmills™ | 19.227 1887 Household furnishings, equipment, and’
maintenance
3141207 QurtainandinenmillsT | 59.677 2777 Household furnishings, equipment, and -
maintenance’’]
3149100 mg'_emgmdm”"as— 16.020 053] Recreationand culture ]
314990 AI!'othertextlle product 338 016 I-bL_JsehoId furmshlngs, equipment,land
millsT maintenancel’
3151007 | Apparelknittingimills 15.497171 0.697 Qothingand footwear|
315210-| Xtandsewapparel. | o7 o5 1.00- QothingandifootwearD
contractors(
Men'siandboys' (cutand
315220C] sew@pparelC 186.28C 8.460 Qothingand footwear
manufacturing T
Women'sand(girls'cut [
3152307 | andsew@pparel’] 263.39 11.22] Qothingand footwear|
manufacturing !
Apparelaccessoriesand’
3159007 | other/apparel 17.0571 0.721] Qothingandfootwear|
manufacturing
316200C] Footwearmanufacturingm| 128.59C 5310 Cothingandfootwear”

_| Otherlleather@andallied _ _ . _ I
3169000 product anufacturing(. 2.500 0.080 Miscellaneousigoods@and services_
321910 Wood wmdows and. 13.860] 040 I-bL_JsehoId furmshlngs, equipment,and

doorsiandmillwork[] maintenance’
322291 Sanitarylpaper product 45970 7.03. Miscellaneous goods and services |

manufacturing ™
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20020

I20002ﬁ |QSectorDescription Ependiturel) Sandardl ConsumptionCategory!
Sdtor prion- ($Producer’]| DeviationO P gory-
orC R
Price)
322299 gg:;ﬁ“;;ﬁgﬁ:gﬁr 18.8271 0.651 Miscellaneousigoodsand services |
3231107 Printing(T 41177 0.157 Qothingand footwear|
haltshingleand C N
324122 gggtingmatgrials._ 192 0,06 Household furnisnings, equipment, and’-
manufacturing T maintenance
Pesticidelandother
3253201 agricultural chemical 61.361 9.37 Miscellaneous.goodsand services |
manufacturing’
325411 | Medicinalandibotanical| | 4 5 | 0.00 | Health Care |
manufacturing T
Pharmaceutical [l
325412(| preparation 279.54| 6.44 | Healthicare
manufacturing™
305510 Paint @and(coating 776 | 023 | Household furnishings, equipment,and
manufacturing ' ' maintenancel’
Soaplandcleaning™
3256101 | compound | 69.87( 1.900) Miscellaneous/goodsiand services |
manufacturing ™
_| Toiletpreparation _ = . . e
3256207 manufacturingill 211.76C 12.310 Miscellaneousigoodsand services_
Otheripressedand blown] . .
32721271 gas'aﬂdglamare; 3.007] 0.20°] Household furnishings, equipment, and
manufacturing maintenancel
_| Concretelpipe, brick,/and . . Household furnishings, equipment, and
8273304 blockmanufacturing 0.631 0.020 maintenancel
Groundorfireated(! o )
327992!| mineraliandiearth:’ 6.84] 0210 Household furnishings, equipment, and
manufacturing™ maintenance!]
_| Mineraliwool! = - Household furnishings, equipment, and
3279930 manufacturing ™ 14.240 0420 maintenance’
Fateworkandfabricated S )
3323107 structural product - 15,577 102- m“;ﬁ‘::ﬁ;ﬁgr_”'m'“gs’ equipment, and
manufacturing ™ B
332500L] Hardwaremanufacturing| 7.05 0.230 Miscellaneousigoodsand services_
Lawn@ndigardenr
333112 equipment 20.831 0.69 Miscellaneous/goods and services |
manufacturing
Photographiciand|
333315 photocopyingequipment | 11.380 0.960 Miscellaneousgoodsand services_
manufacturing ™
Airlconditioning,
333415 refrigeration, andwarmrC 19.320] 069" Household furnishings, equipment, @ndC

air’heating'equipment [

manufacturing

maintenance

33




20020

I20002ﬁ |OSectorDescription Bxpenditure| | Sandard | ConsumptionCategory!
Sdtor prion- ($Producer’]| DeviationO P gory-
orC R
Price)

333991 ﬁﬁﬁ;ﬂﬁg;ﬁ“mc"' 15.861] 0.53] Miscellaneousigoodsand services |

334111 E‘;‘:&?;&iﬁgﬂ”ta“ 87.07 289 Miscellaneous goodsand services |

334210/ [elephone@pparatust | ¢ 44 0.01"] Communications
manufacturing ™
Broadcast @andwireless™

334220L| communications! | 21460 0.71. Miscellaneous goodsand services |
equipment(T

334200" quﬁfnﬂr?”"'m’"s” 0.92° 0.037 Householdtfurnishings Bquipment, End
manufacturingT maintenance’
Audiolandvideo

3343000 equipment 86.840 1457 Miscellaneousigoodsand services_
manufacturing T

33441211 ﬁ:ﬁ;&ﬁ%@'tb"“— 12,930 0227 Miscellaneousigoodsand services
Hectromedical and. |

334510r] electrotherapeuticl 6.557 0.230 Healthicare™
apparatusmanufacturingl
Magneticiandoptical

334613(| recordingimedia 489117 0.8177 Miscellaneousgoodsand services|
manufacturing

335210 z:tggi:‘;g':‘f’pp"a"“e“ 4664 204 Miscellaneousigoodsand services |

335221 Householdcooking 31141 113 Household furnishings, @quipment, @nd

| appliance/manufacturingm| = U maintenance

Householdrefrigerator . N

335222 | and homefreezer ] 31.721) 115 m"";‘i‘:::;ﬁgm's'“"gaEq“'pme"t'a”d—
manufacturing !

335224 :)Ll:i?)emhgﬁraundry_ 34,750 124 I-bl_,lseholdTurnishings,équipment,.énd.‘.
manufacturing maintenance’

335298 Othermajorhousehold™ 830 | 030 | Household furnishings, equipment,andr’
appliance/manufacturing/lll| ' maintenance
Allothermiscellaneous™

335999 electrical equipment and (| 806 | 017 | Household furnishings, equipment,and
component ] ' ' maintenance
manufacturing

3362147 Inr::"ﬁ'fﬁﬂﬁrn‘;rﬁjmpe’— 20437 1885 Miscellaneousgoodsand Services

336612 | Boat buildingLl 12.020) 1.04 Miscellaneousigoodsiand services. |

336991 | Motorcyde, bicyde, and™ | 4 g 063 Recreationand culture
partsmanufacturing T

33712101 Upholsteredhousehold ™ 61.100] 5747 Household furnishings, equipment,and’’]

furnitureimanufacturing™

maintenance]
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20020

I20002ﬁ |QSectorDescription Ependiturel) Sandardl ConsumptionCategory!
Sdtor prion- ($Producer’]| DeviationO P gory-
orC R
Price)
Nonupholstered wood o o -
3371227 householdfurnitures | 66,190 2087 Household furnishings, equipment, and.-
- maintenancer]
manufacturing T
Officefurniture@ndr”
custom@rchitectural™ _ _ . _ .
337212 woodwork and millwork 5.48 0.18 Miscellaneous.goods and services
manufacturing™
3379107| Mattressmanufacturing | 27.120 120 Household furnishings, equipment, and
maintenance’
337920 Blindiand sh.adem 6.46 | 092 Hogsehold furnlshlngs, equipment,and
manufacturing ™ maintenancel]
Qurgicalland medical [
3391121 instrument 2.01. 0.07. Healthicare
manufacturing ™
339115, | OPhthalmicgoods 2096 0.77 | Healthicare
manufacturing
339910 ‘bwelry.and_ﬂl\{grware. | 48530 181 I-bl_,lseholdTurnlshlngs, equipment,@and’]
manufacturing ! maintenance
3399207 Portingandathletic | g/ oo 4617 Recreationand culture
goodsimanufacturing|[!
339930 | DOl oy, andgamer: 50,72 1187 Recreationandiculture
manufacturing ™
330940 | Oficesupplies(exceptis | 5 oq 1537 Education”
paper)manufacturing T
3309g | Musicalinstrument 1012 017 Miscellaneous goodsand services |
manufacturing ™
339994 Broom, brugln,.e!nd.mop 112 0.04 HOl_Jsehold furnlmlngs, equipment,and
manufacturing T maintenance’
4840000] TruckfransportationT] 33.130 0.890 Miscellaneousigoodsand services™
491000 | Postalservice! 71.241 250 Miscellaneous.goodsand services_|
4930000 Warehousingandstorage™ 0.557 0.020 Qothingandfootwear”
5111107| Newspaper publishers(l 46.2711 0.907] Recreation/andiculture’|
511120L] Periodical publishersiT 21.290 0410 Recreation@ndiculture
511130r] Bookpublishers™ 67.3800 3.030 Recreation@ndiculturer’
5112001 | Softwarepublishers!(] 12.850 043 Miscellaneous/goodsiand services |
Cableandother
515200(]| subscription’]| 382.28 6.467] Miscellaneous/goodsand services'|
programming/’
5170000 Telecommunications(T 956.750 10.1400 Communications(’
519100-| therinformation.) 10729 2967 Miscellaneousigoodsand services |
services
524100 Insurancelcarriers! 1334.91 21.2501 Healthicare
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20020

I20002ﬁ |QSectorDescription Ependiturel) Sandardl ConsumptionCategory!
Sdtor prion- ($Producer’]| DeviationO P gory-
orC R
Price)

Insurance/agencies,

524200r] brokerages,@ndrelated’ | 708.01C 23.070 Miscellaneousigoodsand services™
activities

5322307 :’;ﬁ‘f;’li_apemdﬂ'gc— 39,3317 0.68° Miscellaneousigoodsand services
Commercialiand]

530400 | ndustrialmachineryand| 4 5 0.09 Miscellaneous goods and services |
equipment rentaland
leasing T

541100(| Legaliservices(T 172.76| 6.5371 Miscellaneousgoodsand services |
Accounting, tax_
preparation,’] . .

541200 bookkeeping, and payroll 57.85( 21671 Miscellaneous/goodsand services |
servicesT

541920r| Photographiciservices(T 20421 1.747] Recreation/and/culture’’

5419401 Veterinaryiservicesi 71.440 1.700 Miscellaneous/goodsand services

561600 Inve_shgahonéndﬁemnty.‘ 24917 071" I-bgsehoIdTurnlshlngs,équlpment,ind.‘.
services [l maintenance

561700 Samc.:esicibmldlngsmd_ 576,241 836 l—bl:lseholdfurnlshlngs,equlpment,and_
dwellings'T maintenance

561900L] Othersupport services | 3.15 0.090 Miscellaneousigoodsand services_

562000 | Vasteimanagementand’ | gq 1y 16471 Household services |
remediation[services

611100r| Sementaryandt 128.94 8.937 Education
secondaryschools!(]

622000C] HospitalsTn 88.080 2.980 HealthcareD

623000 | Nursingandresidentialll | g 57 0.98 | Miscellaneousigoodsiand services |
carefacilities

624400C] Childdaycareservicesl | 274.13[ 22.0601 Miscellaneousigoodsand services™

711100, Ferformingarts 143870 | 4.000 Recreationand oulture
companies

711200r| SpectatorisportsT 51.371 1.447] Recreation/and/culture’’

7120001| Museums, historicalsites,t} 5 & - 0.72° Recreationand culture
Zoos, andparksT

713940;| Fitnessandirecreational | | g5 16 8.15 Recreationandiculture]
sportsicenters

722000;| Focdservicesand 2276320 | 38580 Restaurantsiand hotels:
drinking/placesi
Hectronicand precision _ .

811200 equipmentirepairand | | 6.647 0.16 Household furnishings, équipment, and

. v maintenancel]

maintenance(|
Personal @andhousehold o )

811400-| goodsrepairand- 94,147 2937 Household furnishings, equipment, and

. - maintenance’’]

maintenancel]

812100 Personalcareservicesl | 298.88L 9420 Miscellaneousigoodsand services_
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I20002ﬁ |QSectorDescription Ependiturel) Sandardl ConsumptionCategory!
Sdtor prion- ($Producer’]| DeviationO P gory-
orC R
Price)
812200 | Deathicare services|! 93.96( 3.55 Miscellaneous/goodsiand services |
812300 | Dy-deaningandlaundryc| 44 45 4177 Miscellaneousgoodsand services
servicesT
812900L] Otherpersonalservicesil | 48.550] 2747 Miscellaneousigoodsand services_
1113A00 Ruitfarming™ 90.08C 1.900 Food@ndnion-alcoholicheveragesathomer
31131A0 :&leﬁ's{ﬁ?Eelm"'sa”d 9.96'] 0.247] Food and non-alcoholicbeverages atihome!
311514 | uidmilkiand butter 124.82 193 | Food iand non-alcoholicbeverages at home
manufacturing ™
Animal ((except ipoultry)
31161A] slaughtering, Fendering,1 | 337.10C 8.190 Foodandinon-alcoholicbeveragesiat homel
andprocessingl’
312240 | 10Pacco produdt] 198360 | 7.000 Alcoholicbeveragesiand tobacoo
| manufacturing ™l T T -
Alliotherchemical |
3259A0C] productandpreparation] | 8.790 0.750 Miscellaneousgoodsand services_
manufacturing ™
30619A Other plastl_csp_roduct 16.48 0.85 I-bL_aseholdfur_nlshlngs, equipment,and
manufacturing ™ maintenancel
Pottery,iceramics, and( R .
32711AC| plumbingfixture ) 6.68 0.45: Household furnishings, equipment, and
. maintenancel]
manufacturing ™
Brick, tile,land other( | L . N
32712A] structural dlayproduct™ | 4.747 0147 Household furnishings, equipment, and.J
L maintenance
manufacturing !
33221A] Clﬂlery,utensl,pot,_and_ 157 0.10° I-lol_JsehoIdIurnlshlngs,equment,and_
pan manufacturingT maintenance
33221BL] Handtoolmanufacturing| 4.020 0.130 Miscellaneousigoodsand services_
33320A Olher_ mdustnal.‘_ | 2657 010" I-bl_,lseholdTurnlshlngs,éqmpment,.‘and.‘.
machinery manufacturing [ maintenance
Vending, commercial, [l
33331A0| industrial,land officel | 9.9771 0.3771 Miscellaneous/goodsand services'|
machinerymanufacturing’|
Watch, clock, andother
33451A | Measuringand | 8,58 0.317 Qothingand footwear
controllingdevice
manufacturing
Metal@ndother
33712A househo]dTurm_ture.. 3350 153 | I-bl_,lsehold.furnlshlngs, equipment,and’]
(exceptwood) maintenance
manufacturing™
Woodtelevision, radio,
33721A0 andSewingmachineC 13.610 0.570 Recreation@ndculture
cabinet manufacturing
33099 | All Otherimiscellaneous | 77 74 2520 Miscellaneous goodsand services

manufacturing ™
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20020
Expenditure
($Producer’
Price)0

Sandard™
DeviationJ

ConsumptionCategoryl

48A000c]

Sceniciandisight seeing
transportation@ndC
support activitiesfor
transportation(l

6.6671

0.5701

Recreationandiculture™

52A000(]

Monetaryauthorities@nd
depositorylcredit!
intermediation

4163.381

87.3301

Miscellaneous/goodsand services

532A00(]

Generallandiconsumer |
goodsirental except video |
tapesand/discs(T

10.520

0.340

Miscellaneousgoodsand services™

611A001]

Junior colleges, colleges,
universities, and
professional schools

1001.74C

62.1600

Education™

611800

OthereducationalC
services ]

51.300

3.520

Education™

621A00C]

Officesiof physicians,
dentists, @nd©therhealth]
practitioners/

479.820

16.3801

Healthlcare

621800

Medical @anddiagnosticl
labsand/outpatient and(
other@mbulatorycarel
services’]

946

0320

Healthicare

713A00(]

Amusementparks, |
arcades, andigambling
industries

57.9901

2820

Recreationandiculture™

7211A01]

Hotelsandmotels,
including/casino hotels(T

252870

13.230

Restaurantsiandhotels[]

813A00C

Grantmaking, giving, and
social advocacy
organizations

675.480

36.870

Miscellaneousgoodsand services™

813B00I

Civic,social,[professional,
andsimilariorganizations

44,3211

2407

Miscellaneous/goodsand services |

200203[]

Otheristatelandlocal
government enterprises’”

1306.12C

32.2701

Miscellaneousigoodsand services™

05007

General |Federal defense| |

government services™

2676.01C

43.660

Miscellaneousigoodsand services_
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